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＋ HIS Epitome f is "chiefli defe 1 for 
the uſe of thoſe who have attended 


my courſe of experiments; to ſuch, I am 
perſuaded, it will be found of ſervice, by 
recalling ideas which had Siipt the memory: 
and the want of plates, it is preſumed, will. 
be abundantly compenſated by the apparatus ; 
and to thoſe who have not yet had the op- 
portunity, it may, in ſome meaſure, convey 
the firſt principles of the ſciences, provided 
they will be content with naked aſſertions, 
without either mathematical demonſtration, 
a or enn, proof. | 
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INTRODUCTION. 55 
HIS 2 75 is intended to explain, i in the | 


moſt eaſy and familiar manner, the general 
| properties and laws of matter; and to ſet before the 
inquiſitive Find, the cauſes of the moſt material 
phznomena which we obſerve amongſt natural bo- 
| dies; at leaſt, ſo far as diſcovered ; for though we 
muſt confeſs that the works of inünite wiſdom can 
never be fully comprehended by the faculties of 
man, yet how far reaſon, when aſſiſted with inſtru- 
ments, may attain, ſeems to us indeterminable; thus 
the philoſophers of the preſent age, tho' ſtill wholly 


ignorant of the true cauſes of many of the moſt 


common phznomena, have nevertheleſs, by diligent 
enquiries and experiments, gained the knowledge of 


TY | many 
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many equally unknown to our forefathers, . and by 
them, perhaps deemed incomprehenſible. And there | 
is no doubt but in future ages, ſcience will continue | 
its progreſſion; for it ſeems providentially appointed, 
as ſome way neceſſary for the carrying on, or well 
being of ſociety, that the ſciences ſhould be gra- 
dually improving. Yet ſtill it muſt be acknow- 
ledged, that many things are known, which reaſon 
could never have led ns to the knowledge of ; but 
whilſt man has been diligently ſeeking after one 
thing, he has accidentally, or rather providentially, # 
| hit upon, or diſcovered another, of greater import - i 

— and of n more e extenſive e to mankind, | 
As to the uſe of vhiloſophy, it ma be confeſſed 
to be almoſt unlimited, and may be recommended 
to people bf all ranks. For many things appear to 
be, what in reality they are not. 'Thus to the eye, 
_ unaſſiſted by philoſophy, the Sun appears to be a 
flat ſhining plate, the ſtars to be ſmall lucid. points, 
like diamonds, and all at equal diſtances from us; 
and ſeem to revolve round the Earth in. twenty-four 
hours; while the Earth ſeems to be fixed, and to be 
by much the largeſt body in the univerſe. But a 
competent knowledge in philoſophy will ſtrip things 
of the diſguiſe and falſe colours under which they 
appear; or rather -inſtead, as is too commonly ſup- 
poſed, of contradicting the plain and poſitive proof 
of the ſenſes, evince, to the moſt unanſwerable de- 


monſtration, the impoſſibility of their appearing o- 
therwiſe 


wv 


Seo... Md Se. Ie oe: Ws Th 


INTRODUCTION. = 


therwiſe; and. from thoſe very appearances deduce. 
the moſt convincing arguments to ſupport its own-. 
aſſertions; thus will it furniſh the miad with more 


juſt and ſublime ideas, by removing the errors. of | 
| prejudice, received by falſe education, cuſtom, or 
the authority of men. 


PHILOSOPHY alſo, as it is concerned in the in- 
vention and adjuſtment of machines, is of univerſal 
utility to mankind; to it we owe the conſtruction 
of ſhips, ſteam-engines, water-engines, pumps, mills, 
clocks, watches, dials, teleſcopes, cranes, jacks, the- 


organ, harpſichord, and every other kind of inſtru- 


ment, machine, or engine, however complicated, or 
for whatever purpoſes they are appointed. 


Ix teaching philoſophy as. a ſcience, it is neceſſary 
to begin with the moſt ſimple and known Properties: 


| of bodies; and thence to proceed, by inferring one 


truth from another, till we arrive at the moſt ab- 
ſtruſe parts; always uſing experiments where tlie 
nature of the thing will admit them, except that 
which is aſſerted be ſufficiently plain without. And 
though the experiments afford the higheſt degree 
of entertainment to the rational mind ; yet ſo much 


the more inſtruction will they convey, as this re- 


gular proceſs is more attended to, and better im- 
E on the . | | 
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e the n Properties of” Matter. | 


Tus 1 is e to explain the ge- 
neral propertics of matter, the different kinds 
of attraction, and. from. thence to deduce: the prin- 
ciples of ſeveral uſeful arts. We have four rules 
whereby. we ſhould he guided i in our e 


es the firſt. is, 


- That more cauſes for ant effefs, are. not. to. be ad- 
mitted than are buth true and ſi Velen to explam. the 


e 


Tuts agrees with reaſon, and revelation ; for it is 
certain that God has made nothing in vain ; which 


would evidently be the caſe, if two cauſes were ad- 
| mitted where one would ſerve. | 


Tur fond is, That F natural . of the " 


Lind, the fame cauſes. are to be effigned as LY as can be 


Aue. 5 8 


yi "rice is, we are ta aſſign. the ſame cauſe for the 
falling of ſtones in America, Africa, &c. as in Eu- 
rope; the ſame cauſe for reſpiration in man and 
beaſt ; and that light in all Kinds of bodies is pro- 


duced by the very lame cauſe, 5 
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Tre third rule is, That the qualities of natural bo- 
dies, which cannot be increaſed or diminiſhed, and agree 


to all bodies on which experiments can be made, are ta be. 


rechonsd, as the qualities. of all bodies whatſeever. 


Teck becauſe 3 folidity; divifibility, * 


are found in all bodies that we know, we may juſtly 


conclude that they belong to all bodies whatſoever. 


Tux fourth rule is, That in experimental philoſophys 
propoſitions collected from the. phenomena, by induction, 
are to be deemed, notwithſtanding contrary hypotheſer,, 
either exactly or very nearly true, till other phenomena- 
occur, by which they may be rendered _ more ace | 


curate, or liable to exception. 


LY on bodies * are found to have _ fol- 


loving common properties, viz. 


Fran, Mobility, 
Solidity, Vit Inertiæ, 
Divi tf filr, | Os _ Repu on, 


| Ex TE N $10N, is a property which belongs te 


.all matter in general; for it is certain no body can. 


* but it muſt take up ſome part a ſpace, 


SOL 2 Tr, 18 that property which a body: 


| hath of — all others, from the place it * 
leſſes. 1 


DIV 1SIBILI Tr. Wo" 


: | REPULSION, feems ems to be a property 1 n belong - 
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DIVISIBILITY, i is a property whereby bo- 


dies are capable of having their parts ſeparated ad 


 infinjtum, ® That this Property. exceeds the utmoſt 
bounds of 'our imagination, is a mathematical truth, 
1 may be demonſtrated different ways. 


- MOBILITY, is that property which bodies 
have of being moyenble. | 


Tur FITS INER TIE, or insdieity, of mat - 
ter, is that property whereby bodies refiſt the action 
of other bodies, WY to rn or _— mo- 
2 in them. | 


ATTRACTION, is a property eee bee 
mutually tend towards each other; if the bodies be 


of uncqual magnitude, in the greater, it is. called 
attraction, and in 8 leſſer, gravitatien 


ing 

* If it is true, as generally maintained, that one particle 
ia capable of being divided. into an infivite number, which 
number cannot be increaſed; may not anothes particle alſo 
| be divided into an infinite number, which number cannot 
be increaſed; and in like manner a third; &c. and if thefe 
cannot be added, will it not follow, that there may en 


wany infinite numbers 


But if the whots material creation, however extenſive, 
was divided into particles infinitely ſmail, would the num- 
ber 12 more than inftnite? ? 
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ing to the ſmalleſt particles of matter ; thus we ſee 
the particles of water, ſeparated by the aRion of 
fire, repel each other; and the particles of any kind 


of hard matter, being ſet at liberty by ſome rhywical 
* conſtitute a perfectly elaſtic air. 


Tun dein den of 8 takes place only in 
large bodies, ſuch as the Sun, Earth, and planets, and 
is a property whereby all ſmaller bodies within the 
ſphere of their attraction, tend towards their centres. 
The attracting efluvium or energy is found to decreaſe 
as the ſquares of the diſtances increaſe ; that is, if a 
body at the diſtance of 10,000 miles from the Earth 
tend towards it with a certain force ; at the diſtance 
of 20,000 miles, it would tend towards it with, only 
one fourth part of that force ; at the diſtance of 
30,000, | with —_ one ninth part thereof, &c. 


Taz planets are all retained in al orbits by the | 


attraction of the Sun; and by their motions, the 


above law is fully confirmed ; for as the ſquare of 
the diſtance of Venus from the Sun, is to the di- 
ſtance that Mercury falls from a tangent to his orbit 
in one hour; ſo. is the ſquare of the diſtance of 
Mercury from the Sun, to the diſtance that Venus 


falls from a tangent to her orbit, in the ſame time; 


and fo of the rel. 


Tus power which unites the original particles i is 


_ Called the een _of coheſion, and is mutual be- 


tween 
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tween them, or they are attracted and attract each 
other. This power ſeems to act only in contact, or 


at imperceptible diſtances in all ſolid bodies. The 


exiſtence of this power is proved by two leaden balls, 
having their ſurfaces pared very clean, and preſſed 


together with a gentle twkl, after which they will 


require 40, 60, or 100 pounds weight to pull them 
aſunder, according as more or leſs of the ſurfaces are 
in contact; for this power ſeems to act nearly in 
proportion to the quantities of contiguous ſurfaces. 
This is the natural cement by which the parts of 
ſolid bodies are bound together, and by which they 
are kept from crumbling to their original duſt. 


Hard bodies, which cannot by preſſure be brought 


into intimate contact like the leaden balls, require 


ſome kind of matter to be put between them, in 


order to make them cohere; ſo if flint, glaſs, &c. 
reduced to impalpable powder, and mixed with ſome 
viſcid fluid, be applied between two bodies, whoſe 
ſurfices are clean, when dry it will make them co- 
here very firmly. Hence we ſee the reaſon that in 
poliſhed ſurfaces, a little damp is ſufficient to make 
them cohere; if a little oil or tallow be uſed, the 


. coheſion is much ſtronger, as is ſbewn by experiment. 


From this principle we have alſo the nature of 
ſoldering, gluing, foliating glaſs, ſilvering and _ 
ing metals, &. as mee, in the lefure. 


Tr zander of coheſion is * 3 
a the 


een 
the 
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the particles of different bodies; thus, water put 


into clean glaſs, china, & c. is ſeen to riſe all round 


by the ſide of the veſſel; but if quickſilver be uſed, 


it will ſtand loweſt at the ſides; from whence it ap- 


pears, that the power of _ is greater between 


the glaſs and water, that among the particles of 
water themſelves; and that it is greater among the 
particles of, quickſilver, than between the glaſs and 


quickſilver. In this ſimple cauſe, divine wiſdom is 


abundantly manifeſt; for, by it we have numbers of 


the moſt extraordinary effects produced. 


Ir is owing to this, that water riſes above the 
common level in the capillary tube; alſo the action 


of the capillary ſyphon, and filtre, depends on tbe 


ſame principle; for the capillary ſyphon, being a 


ſmall bended tube of glaſs, by attraQion raiſes water 


up one leg, carries it over the bended part, and 
down the other, where it falls, by its own weight, 
dr6p by drop. The filtre being made of yarn, felt, 
cloth, &c. the filaments act like ſo many ſyphons, 
and carry a fluid off in the fame manner, but much 


faſter. From hence we have the reaſon of fluids ri- 
ſing in heaps of fand, aſhes, ſugar, &c. of tallow 


rifing in the wicks of candles; of water being drawn 
up the ſpunge; of ink riſing in the pen, and alſo of 
its being drawn out again in writing. From hence 
we alſo account for the rifing af ſap in trees and 
plants; fo upon proper examination, it is found, 
that the bodies of trees are compoſed of an inknite 

B | number 
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number of capillary tubes, of different magnitudes z 
the largeſt ſeem by various experiments, to be ap- 


Pointed for the circulation of air; and the ſmaller 


for attracting the juices of the earth, and raiſing 
them to the top and utmoſt parts of the branches; 


for it may be obſerved, that the ſmaller the bore of 


the tube, the higher a fluid will riſe, as ts yo + in 


| ihe experiment. — 


Faden hence we have alſo the cauſe of rus 
chymical proceſſes. ** 


Solution. 


Maw if a ſolid and a fluid be put together, pro- 
vided the power of attraction between the particles 
of the fluid and the particles of the ſolid be ſtronger _ 
than between the particles of the ſolid themſelves, 
every particle of the fluid will then attract a particle 
of the ſolid, or ſo many as it can ſuſtain, and then, 
the whole menſtruum being ſaturated therewith, the 
folution will ceaſe; as is evident by putting ſilver, 
copper, braſs, iron, &c. in aqua- fortis or ſpirit of 
nitre; by putting ſalt or ſugar in water; and by 
water itſelf being diſſolved and diffuſed through 
every part of the armoſphere, by the ſtrong at- 
traction of the particles of air. | 


"A 


Aur matter, thus diſſolved and . is pre- 


cipitated by the very ſame cauſe ; for, if to any kind 
of 
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of ſolution, ſome body be added, ſo that there be a 
ſtronger attraction between the new added matter 
and the menſtruum, than between the menſtruum 
and the diſſolved body, the new matter will then 
take place of the old, and ler it fall to the bottom. 


To a ſolution of epſom ſalt in water, add a ſo- 
lution of alkaline ſalt ; the baſis of the epſom alt 
will be precipitated in white flakes, which 1s the 
magneſia alba. 


Ersou ſalt is compoſed of magnefia and the acid 
of vitriol. 


A Monz powerful attraction takin place between 
the acid and alkali, than between the acid and 


magneſia; hence the magneſia i is thrown down, and 
between the acid and alkali a new ſalt” 1s formed. 


(Vitriolated tartar.) 


* 


Lap is diſcovered in water. or white wine, by | 
adding liver of ſulphur diſſolved in lime water: the 
mixture appear red, and in time precipitates. 


Corrrx in water may be diſcovered, by adding 
volatile alkali, which turns it blue. 


Ie iron is — | in water, a decoction of galls 
will turn it black, or it may be precipitated by | 
phlogiſticated alkali; to which if we add marine 
acid, a beautiful berlin blue is formed, | 

| B 2 |  Warzs 
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Warxx containing {leviites, allum, felateniae, 
or calcareous earth, will appear my by meas fo a 
| Warten of alkali. 


New ſyrup ef violets added to water which con- 
tains an acid, will turn it red, but if it contains an 


alkali, green. 


„ eaaricn depends upon the ſame power; 

for if two fluids be put together, provided there be a 
different power of attraction between their particles, 
they will thereby be thrown into a ſtrong agitation 
and commotion: amongſt themſelves, and will be ſo 
ihcorporated with each other, that they will ſeem 
to have changed their properties, and acquired new 
— | = 


From this difference of the degrees of attraction 
between different bodies, we have perhaps the molt 
rational way of accounting * heat, exploſione, 
| earthquakes, volcancs e. a Re 


Ir as Fortis be et upon iron- filings, a very 
conſiderable degree of heat is produced. 


Also, if three parts of nitre, two of ſalt of tartar, 
and one of ſulphur, be pounded and mixed together 
(which mixture is called pulvis Fulminans ) and a 
"ſmall quantity of it heated upon an iron plate, as 


ſoon ag it begins to melt, and the particles of the 
different 


ry 


ar, 
ner 
7 
as 
he 


ent 


inſtant converted into air. : 


ground, they will, in eight or ten hours time, take 


of ſulphur, iron ore, &c. it is probable theſe may be 
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differect bodies come in contact, the nitre is in an 


Axso, if equal parts of ſulphur and iron- filings 
be made into a paſte with water, and put under 


fire, and blow up the ground about them, venting 
flames and ſmoke like a volcano, And as it is well 
known that the earth abounds with great quantities 


brought together, either by ſubterraneous waters, or 
other cauſes unknown to us, and*by the violence of 


their fermentation, at length break forth in flames, - 


as in burning mountains; or when confined deep in 
the bowels of the earth, if the compactneſs of the OY 
ſuperincumbent maſs refuſes to give way for an e- 


ruption, the effort for enlargement i is then made on 
that quarter, which, by caverns, or the more yielding 


and looſe contexture of its parts, affords the leaſt 
reſiſtance; hence may ariſe that wandering convulſive 
motion, which is denominated: an earthquake.“ 


Tux attraction of magnetiſm is peculiar to the 
loadſtone and iron, as there is no other body but 
iron that it can be communicated to. 


Every loadſtone has two poles, one called the. 


north, and the other the ſouth pole. One of theſe 


poles attracts, and the other repels iron. 
D 3- | Tars 


1 80880 have conſidered electricity as a * agent 
in theſe awſul phænomena. 


t 
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Tuts virtue may be communicated to iron dif- 
ferent ways, and thereby artificial magnets may be 
made to anſwer all the ends of a natural one. 


Ix we take four or five ſteel bars, ſix inches long, 
half an inch broad, and about an eighth of an inch 
thick, well poliſhed and hardened, if they be laid 
end to end, and the magnet drawn over them ſeveral 
times, they will become ſtrongly impregnated with 
the virtue. Theſe properly fitted up in a caſe, will 
make a good artificial magnet; but perhaps it may 
be better in ſome caſes to have the bars bent in a 
ee en, as is beau i in the erperiment. 


Tuis virtue may all be comunnc to a piece 
of poliſhed ſteel, by placing it in the magnetic me- 
-ridian, and e it n one 2 with a bur- 
mier e 8 


: : 


— 


Dow Fg by nie long i in one Naur, ac- 
m_ the . virtue. | 


Ir a magnet be mags red hot, or become ruſty, it 
loſes much of its virtue. 5 | 

Ir is geriendlly ſuppoſed that the edler, coming 
out at one pole, return in curves of various direc- 
tions, and enter in at the other; and indeed we have 
ſeveral experiments WARE countenance ſuch : an hy- 


pPotheſi s. | 


. 
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towards the weſt, and the ſouth end towards the 
eaſt, which i 18 called the variation of the needle. 

In 1580, it had one point eaſt variation; in 
1657, it had no variation. 


Warn a needlle i is well made, and ulgended: like 
a ſcale beam, in moſt places it dips WoW the, > Pang 


of the horizon. 


In 1775, in a voyage, to Madras, the variation 


and * were as below. 
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Ir a magnetic needle be ſuſpended upon a point, 
in England it will now make an angle, with the 
meridian, of about 22 degrees; the north end being 


— 
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LECTURES II. & III. 


07 Pneumatics. 


1 


NEUMATICS is that part of philoſophy 
which treats of the nature and- properties of 
the air. N 


* 


Tas particles of air are extremely ſmall, fo that 


they evade the fight, though aſſiſted with the beft 
| glaſſes. It is moſt likely that theſe particles are 
round, and that a repelling power takes place be- 


tween them, for the air is found to be an elaſtic 


fluid. 


Taz whole body of air in which we breathe, and 
which {urrounds the globe of the Earth, is called 
the atmoſphere. | | 


Tas air, being daſtie, is at every different alti- 
tude of a different denſity; that is, it is moſt denſe 
upon the ſurface of the Earth, and the higher we 


aſcend, it becomes more rare or thin; except that 


which. is near the Earth be ſometimes rarified by the 
heat reflected from its n. | 


Tux altitude of the atmoſphere 1s not exactly 
known; it extends about 45 miles above the Earth's 
ſurface before it be too thin to refract a ray of light; 

if 


25 


if it was every where of the ſame denſity with that 


near the Earth, its WR would be about ive miles 
and a quarter. 


23. WW PAC. 


THar the air is a body, i is erin by its ercludieg 


other bodies from the place i it poſſeſſes; for if a glaſs 


be inverted and ſunk in water, the water will not 

riſe in it, as 18 evident by. a lighted candle conti- 
nuing to burn 1n it, though under water. 'The 
diving bell depends on this property of the air ; for 
if a large veſſel be made heavy enough to fink with 


the open end downward, a perſon may deſcend in it. 


to a conſiderable depth, and the water will be kept 
from riſing by the ſpring of the air; yet the air 
being elaſtic, and therefore capable of being com- 


preſſed, as the bell deſcends the water will gradually 


riſe; and when it comes to the depth of 33 feet, 
half its capacity will be filled with water; but it 
may be kept from riſing, or driven out after it is 
riſen, by ſending down caſks filled with freſh. air, 
which may be taken in at the bottom of the bell, 
while that corrupted by breathing may be n., 
at the top, by a cock for that en, 


Ad the air is a body, i has alſo weight, and 
gravitates towards the Earth like other 1 in 
proportion to its quantity a 1 matter, 


The weight of the air 4s evident un a number of _ 
experiments, 1 
1. Ir 
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. Ir the hand be laid upon a receiver, open at 
as top, and the air pumped | from under it, the 
weight of the external air will be felt upon the back 


of the hand, and will preſs it cloſe down to the 
receiver. 


2. Ir a glaſs bubble, containing a wine quart, be 
emptied of its air, and then nicely balanced, as ſoon 
as the air re- enters, it will preponderate, and will be 
about 17 grains heavier than when empty. 

3. Ir two braſs hemiſpheres be exhauſted, and 
the air ſhut out by a cock, they will require a force 
of about 15 pounds to every ſquare inch to pull 
them aſunder. = 


4. Ir a glaſs bubble, with its neck immerſed in 
water, be exhauſted of its air, when the air re- enters, 
it will preſs upon the ſurface of the water, and force 
it up into the bubble. . 


5. A a tall receiver be ſet upon a moveable 
Plate, to which is ſcrewed a pipe with a cock, and 
exhauſt it, then placing the end of the pipe in water, 
and opening the cock, the preſſure of the external 
air will be ſeen forcing the water into the receiver 
with great My | „ 


6. . a ſtick of oak, hazel, &c. with a hoop 
round one end of it to hold quickſilver, and with 
; | = 
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wet leathers fix it in the top of an open receiver, ſo 
as to be air-tight, when the receiver is exhauſted, 
the weight of the air preſſing upon the mercury in 
the hoop, will force it rs. + the Penn of the 
weed 


7. Ir a bladder be faſt tied over FEY top of an 


open receiver, as ſoon as the air is ſufficiently ra- 
. rified below, the weight of the column above, will 


break the bladder with a conſiderable report. 


8. Ir a piece of hazel, having its ends cut very 
ſmooth, be fixed in the neck of an open receiver, 
and the lower end immerſed in water, upon ex- 
hauſting, the outward air, by its weight, will ruſh 
through the pores of the wood, 1 riſe through the 
water in fine ſtreams. 


9. Ir a ſquare al bottle be exhauſted, it will 
be broken into ſmall pieces by the eee of the 
circumambient air. | 


10, A rike pn glaſs laid over an open re- 
ceiver, will be broken in the ſame manner. 


11. IF a barometer be placed under a tal] receiver, 
as the air is exhauſted, the mercury will fall ; when 
the air re-enters, it will riſe again. From hence rt 
is evident, that the mercury is ſupported 1n the tube 
by the weight of the air ; and therefore, 1 in fine dry 
weather, 


2 


weather, when the atmoſphere is heavieſt, it will 


ſtand higheſt ; ; on the contrary, in rainy weather, 


when it is lighteſt, the quickſilrer will be loweſt. 


| From this 3 it is found, that the air 


will ſupport a column of mercury to the altitude of 


293 inches, at a mean. The diameter of the tube 
makes no difference, the reaſon of which will appear 
evident, when we come to explain the laws of /þy- 


 droftatics. * For as the weight of a column of mer- 


cury, of any given diameter and altitude, is known, 
the weight of: a column of air, of the ſame diameter, 
1s alſo known, and 1s at a mean' about 141b. upon 
every ſquare inch; and upon every ſquare foot 
18 cwt. or near one ton. Now, if we ſuppoſe the 
ſurface of a middle-fized man to be 15 feet, it will 
follow that he will ſuſtain a preſſure of 134 tons; 
which, were it not balanced be the ſpring of mores 


air, could not be ſupported: 
J 


— 


Bor the ide ION being extremely ſmall, 
enter into every part of our bodies, and by their 
elaſticity balance the > of the n 
atmoſphere. | 


12. Tn:s > evident by placing the hand upon an 


| open receiver; for as ſoon as the preſſure is de- 
ſtroyed, the air in the Kells ans its . will my 


out the ſkin. 
13. 
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13. A SMALL receiver, placed over the hole in 
the pump plate, as ſoon as the air is exhauſted, will 
be ſtrongly preſſed down _ the column of air which 
13 over It. | {4 2.743 36-5868 


14. Ir is 8 by 5 chat this ad 2 
like effects, are cauſed by ſudtion, or by ſomething 
within the glaſs drawing it down through the hole 
of the pump plate. But this is falſe, as e ſbeww by 
experiment. For, if a ſmall glaſs be placed on one 
ſide of the hole, and covered with a Iarger, then 
while the larger 1s exhauſting, the ſmall one will be 
looſe ; but when the air is let in again, the large 
one will be ſet at liberty, and the ſmall Graf 
weight of the air, will be fixed. *. 


Tak is no effect bs nature produced by any 
cauſe that can be called ſadion; except that appel- 
lation be falſely W to * altrabtion _ * 


15. SMOAKING KW am: fink the breaſt, 
are performed by the preſſure of the air. For, a 
vacuum being made in the mouth by drawing back, 
or bending down, the tongue, the air, by its weight, 
ruſhes through the pipe in ſmoaking; and by preſ- 
ſing upon the breaſt in lacking, . 1 m into 
the child's mouth. * N | 


The elaſticity . wil ate fer flowing 
experiments, e 
| c pw [ 5 
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16. Ir a bladder, containing a ſmall quantity of 
fir, he Taft tied, and placed under the receiver, as 
the receiver is exhauſted, the bladder, by the ex- 
panſion of the included air, will ſwell out, and at 

len gth _ Full — | 5 


» 
17. Is a glafs bubble, having its neck placed in 
water, be covered with a receiver, as the air is ex- 
hauſted, that in the glaſs, by its ſpring, will make 
Its. eſcape, and will be ſeen riſing —_ * water 
in —_ _—_— | 


oY * an _—_ ning 2 | bole f in as ſmaller and, 
be placed under the receiver, upon exhauſting, the 
air bubble contained in the great end, will, by its 
ſpring, 3 out 92 contents. 


— 


19. 4 an egg * . in a jar of hs water, 
upon exhauſting, the air will be ſeen to riſe from 


the _ of the ſhel], £4 innumerable fine ſtreams. 


20. Tau a bladder containing a Hate ae _ it 
in a proper veſſel, and lay a weight upon it, cover 
- the whole with a receiver, then work the pump, and 
hs bing and r will be ſeen to raiſe hs weight. 


21. Is a  arivelled u be placed under the re- 
ceiver, and the air exhauſted, the air contained in 
the apple will expand itſelf, and . tlic ple to 


Appear plump and NTT . e 
| 22. IF 


there are air veſſels in ** 


.. Pneumetis 2 


22. Ir a Piece of dry wood be ſunk ut water, 
and covered with à reeipient, upon exhauſting, the 
air contained in the pores. of the woad,. will ex-. 
pand itſelf, and riſe — 0 water in great 


* 


nn e FR Ik > £52 2 Ss 
. . ty 

23. Tas n _ Aol with. kee 

e leaves, & c. but the quantity of air thrown out 

will not be ſo great. From this, it is eng 


©. 
+3 


24. Ir a piece of gold, &c. be ry: in water under 
a receiver, on exhauſting, the air contained in the 


pores of the ſurface of the —— * ren ics 


enen ene ei, el. e 


—_— EOS. 


25. Ir a inal bledder,. wh 8 „1 air ke 
mich in it, be faſt tied and funk in water, upon 
exhauſting, the air contained in the bladder will 


expand Kh, and . "we nr amd Ou to 
ſwim. 


4 be . 2 33 5 
fixing lead to it, it will be brought. to the top, by 


- 


| * air Ls ln to its lurince. 7 


27. Ir a jar 3 bs road aka 
receiver, upon exhauſting, the air will expand itſelf, 


and may be ſeen to riſe from every Ow of n 


in innumerable bubbles. WEE. 


C4 28. Is 
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28. Ir we uſe freſh beer inſtead of water, the 
air bubbles will not burſt, becauſe the beer is more 
__wiſcid, but will rife with 2 fine frothy head. Tae 


'S 


29. Join a tall receiver, exhauſted of its air, to 
the top of a veſſel about half filled with water, a 
pipe going down near the bottom of the 
the cock, and the ſpring of the air acting upon the 
_ JSarface of the water, will cauſe it to riſe in the re- 
ceiver with great velocity, and will make a beautiful 

| fountain. | 


30. Ir a phial of hot water be placed under the 
receiver, as ſoon as the preſſure of the air is taken 
off its ſurface, it will begin to boil with great ra- 

pidity. A much leſs degree of heat is ſufficient to 
cauſe the phenomenon in a vacuum, than when under 
the r of the atmoſpherc, | | | 


31. Ty a fiſh be pes ist a jar of water, and ce- 
vered with a recipient, as ſoon as the preſſure of the 
atmoſphere is removed, the air contained in the air 
bladder will expand itſelf, and cauſe the fir to 
_ it will not my ge die, 

32. Ir we d „ rat, * "= * the 
receiver, and exhauſt the air, the animal will imme- 
diately die. From whence it appears, that air is 
abſolutely neceffary. for ſupporting the lives of theſe, 
and all other kinds of large animals. 


| * 
T. 
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33. Bur whe rev, ee will not ein was 


FE . 


34. A is e * the 83 of fire a: 
flame; becauſe burning coals, or a n candle: 
wall inſtantly b ne is bd 2 * 1 


9 4 — S's 


35. Exriostons are cauſed by the refiſtabce an I 
concuſſion of the ur. for guapondgr = not fl | 
a vacuo. 15 


- 1 9 
9 5 \ 5 ; : 
* - 3 5 4 by . 53 * þ 1 TY * . >, Fi 


36. Ir is owing to the reliſtance icke air, chat 
licht and heavy bodies do not fall equally faſt. For, 
a guinea and a feather will deſcend to the bottom of 
a bog receiver when exhauſted, in the ſame time. 

37. Taar the air is neceſſary” for the Fupport 
of vapour, is evident; for as ſoon as the receiver 
begins to be exhauſted, the vapour may be ſeen 
deſcending like a miſt... : | 


my 


38. Tut mercury in a tber hotueter Places under 


a receſver, falls during the exhanſting, and "_ 95 | 


gain n the air returns. 


* 0 Ws F x 
** wh * 5 24 K _ 4 2 * 7 $ > * - * - 1 t * 4s 7 £ i * 
4 2 7 — L 5 2 


SEE an fnguniont: account of theſe phænomena, * 
in the Philoſophical Tranſactions, _ Fiore L 
Eraſmus Darwenz. of Derby, M. D. 


39. Trae funk is conveyed foe a 
by the medium of the . IR een fol- 


n 3 | f e n 
8 3 | bY 


Ir we place a bell upon the plate of the pump, 
and cover it with a receiver, and the bell be rung, 
the found will be much weaker than when in the 
open air, though the receiver be not exhauſted. If 
the receiver be well exhauſted, the ſound will not be 
atidible, except very near the pump; but as a perfect 
vacuum cannot be made, the ſmall quantity of re- 


maining air, will faintly, convey. the pulſes to the 
glaſs, which, by a tremulous motion, will convey 


them to the outward. air. From this it appears, 
that ſound moves through the ny without the air 
being carried along with it. 8 | 


Tuner the preſſure of the ſarrounding air 
upon the receiver is not the cauſe of 'diminiſhing the 


Intenſity or _—_ n oy the” OY; exe 


q Contr a bell wk a receiver! in which ks the air 
remain. Cover this with a larger receiver. Con- 
denſe the air betwixt them, and the ſound will be 
equally ſtrong, whether there be two or four at- 


75 moſpheres * . the ret * . firſt 
ene C 


* an elaſtic 1 be 8 or 1 158 in 
motion, it will continue to vibrate backward and 
forward for ſome time. The articles of air, which 
are near it, will by its quick vibrations, be put into 
the ſame tremuleus motion. with itfelf, and they, in 

their 
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their approach to thoſe which lie next them, will 
communicate it to them alſo; and ſo on to a con- 
ſiderable diſtance, depending on the intenſity of the 
ſtroke, and the nature of the ſonorous body. 

TurxsE 0 3 or waves, are 8 
from the ſounding body, in con- centrie ſpheres or 
ſhells, decreafing in denſity as the ſquares of the. 
diſtances increaſe. Hence a perſon at the diſtance 
of one mile from a ſonorous body, will hear the 
ſound four times as loud as he would do at the 
diſtance of twd mules, &c. BOY 

Tax alt of ſound, according to the moſt 
accurate experiments, is at the rate of 1142 feet 
per ſecond. All founds, whether ſtrong or weak, 
move with the ſame degree of velocity, and nearly 
as faſt when they move againſt the wind, as when 
they move with it. But they may be heard much 
further in the direction that the. wind blows, than 
in the GA 

| T HE key of found increaſes with hi claſticity 
of the air, and is therefore ſomething greater in 
fummer than in winter. Yet ſounds are more au- 
dible in winter .than in ſummer, becauſe the air is 
more ' denſe. For the ſame reaſon, ſound is much. 
ſtronger in a valley, than upon the top of a moun- 
tain, where the air is leſs condenſed by * weight: 


of the incumbent atmoſphero. „ 
As. 


n ann 
| As ſound is propagated. from the ſonorous body 
in all directions, if i it happens to ſtrike againſt rocks, 


| Fo buildings, woods, &c, the pulſes will be reflected f 
1 back, and the ſound repeated, which i is called an 
8 echo. 

; 5 1 0 t 
l | "Is i a kat chord be put i in motion, all its vi- 4 
1 FEE hy whether great or ſmall, will be performed 


nn the ſame time; ; and therefore the chord, however 
| ſtrack, will always produce. the fame note. : 


5 II order to produce different notes * the 3 
ſtring, either the Wen or the tenſion of the fring 


guſt. be altered. on” | 


yy 


is > "tp we e take eight 3 ſtrings of the fame 

| le and ſtretch them with equal, weights, and 

ik if we make their lengths as, 100, 88. 8, 80, 75, 

þ | 66. . 60, 533. 50, they will ſound the notes of 

„ the diatonic ſcale, viz. F: D, E, F, G, A, B, GC, 

| . - yet che ſoünds of the higher notes would be more | 
agreeable, if the firings were fmaller and bogen, * 
thaw tenſion leſs. | 

1 ; 5 

mn Ir two. Wis „ their ” SIR in a 

| fame time, the note or tone proquced i is called an 

uniſon, and is the moſt perfect concord. If one 

ſtring performs two vibrations while the ather per- 

dbdborms one, they. will ſound an ofave, which is the 

next perfect. 1 one Performs | three for the other 
two, 


/ 
* $ © 
Ft * 


> «4 
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two, they will ſound a #/th. If one 
other three, a fourth, If one five for the other 
four, a third greater. EE a 


! 


Ix two muſical chords, placed near each other, be,- 
tuned : uniſon, and one made to vibrate, the other 
will vibrate alſo. If the ſtring which is ſtruck be 
an octave above the other, the two extremes of the 
other will ſound uniſon with it, while the middle 
point remains at reſt. In the ſame circumſtances 
the ſame effect is produced by all kinds of ſonorous 
bodies; fot, the vibrations of the air when put into 
a fremulous motion by the ſounding body, agree 
exactly with thoſe which may be produced by the 
body at reſt, and the vibrations of this reſting body, 
which in ſome faint degree are cauſed by the firſt 
impulſes of the vibrating air, are by its correſ- 
ponding motion, <A increaſed. 2 


That the air may be cnt, is - nds from "ths 
Mowing experiments, 3 N 1539145 


47. Ltr a ſtrong receiver, with a full blown 
bladder under it, be firmly ſcrewed down upen the 
plate of the pump; then with a ſyringe, or with the 
pump, if it be of, Smeaton's. conſtruction, force in a 
quantity of air, and the bladder will begin to cons 
tract or ſhrivel up. Whence it-is evident, that the 
air in the bladder is condenſed or ſqueezed into a 
leſs ſpace than it poſſeſſed betore : and as ſoon as 
* the 
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the cock is opened, and the preſſure removed, it will 


again erpand itſelf, * fill the bladder. 25 


„ condenſation ought not to be too > great, 
when the receiver is of glaſs, leſt it ſhould burſt, 
via might be attended with bad e e ere 


115 only a 3 . be er indo a re- 


ceiver of. five. inches diameter, and eight inches bigh, 


there will be a force of 1680lb. acting againſt its 
E + inner NO if a an RO Aran e 


WY Io. a claſs bubble, ab its els hes 
in quickfilver, be placed under the receiver, and a 
double atmoſphere forced. in, half tlie capacity of 
the bubble will be filled with quickſilver, and the air 
which in- its- natural tate, ſilled the whole * 
will be — into 2 thereod. 


43. Ir air be condenſed upon ths be of water 


in a ſtrong veſſel, it will cauſe it to ſpout through 


the tube of communication with a ſurpriſing velocity, 
and will make a eee e e or n d' eau. 


Anas fackitious airs, 1 etc: air, are 
8 and permanently elaſtic. There are 


various kinds; ſome of which are natural, others 


artificial II _—_ have * different 
n 5 N 1 — : 7 
5 TO Tus 


"dy + 
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Tuxv may all be obtained by putting the proper 
e in a flaſk, the mouth of which is cloſely 
fitted with one end of a bended tube, by means of 
a piece of cloth, leather, &c. The other end of 
this tube.is placed under. the mouth of a jar, filed 
with Water or quickſilver, and inverted in a baſon 
of 11 ſame fluid. | | 

» POETS a Ora” | ES 

4 Fixed a air; or gas, is often found i in wet pits, 
wells, &c. and may be produced by pouring acid of 
vitriol, diluted with water, on chalk, marble, ſpar, 
or any calcareous ſubſtance: it is alſo produced by 
ale, &c. when in a ſtate of fermentation. It is 
heavier than common air; is readily - abſorbed by 
water, to which it gives a fine ſparkling appearance, 
and enables it ta become a ſolvent for. iron, Kc. It 
* life, and een Lame. 4 : 

45. E air is enen Gli in mines; 
and may be produced by diſſolving iron in diluted 
vitriolic acid. It is alſo produced by combuſtion, 
putrefaction, &c. and therefore abounds wherever 
theſe proceſſes are carried on. One kind of inflam-. 
mable air burns in a gentle manner, another explodes 
with prodigious violence. It is much — than 
common air, and i is 3 noxious. 

"As which mill; bark * exploſion, may be 
obtained by letting common air paſs — burns | 
ing oil into an exhauſted receiver. | 


a —— — — — - 
—— — ————— —— TIE AAS, — —— 
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46. Nitrous air. To obtain this kind of bs, 
your the acid of nitre on braſs, copper, zink, or 


iron. £ 


Tuts is uſed for trying the goodneſs or purity | 


of other kinds of air. When mixed with common 


air, it changes the colour, and diminiſhes the quan- 


tity. If mixed with air perfectly noxious, it makes 
no change. 3 


W575 «2 X > 
. k * 
1 


47. DsrurobisricAr Ev, or pure air, is obtained 


| Boks the freſh leaves of plants; by ſtrong acid of 


vitriol and red lead; or moſt copiouſly from nitre, 


in an nen ere urges * a n fire. 
1 


A crven quantity of this will ſupport life much 


longer than the ſame quantity of common air; and 


makes the flame of a candle exceedingly brilliant. 


Fos the above, water may be uſed to place the 
jars in; but for the — . is found 


- 


: \Variolic _ air.. To 3 bil of vitriol, 


| id olive oil, and ww" a little heat. = 


4 n n 


»1, Marin arid air. Pour wid of vitriol on ſea ſalt. 


Ir any ae, containing much phlogiſtion, 
i$* introduced into this gas, the gas is changed to 
N | inflammablc 


- 


tl 


th 


is 
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| inflammable air; and if it. is mixed with about three 


times its quantity of common, air, the, flame ®; 4 
candle baraigg 18 in it wilt appear green. 


Fluor acid air. Fer concen rated wee a0if 
on pounded fluor ſpar or blue John. 


AFR 147. a 2 


: Nitrous acid 4 is obtained * heating nitrous 
acid; but this acts upon the quickſilver. Hence i; 


becomes difficult to examine its Properties. It ef- 


ferveſces with eſſential oils, and is entirely, abſorhed 
by water, to which it communicates the praperticy 
of the nitrous acid. io gotten od 

Alkaline air. Apply beat to | | volatile. * 958 If 
this gas is mixed with marine, or vitriolie acid air, 


they unite, and form ſal-ammoniac, which Preci- 


Nun ſomething like a white dead: 4 
Aix i is made. noxious rr; the 1 of 1 ye- 

getables, or animal ſubſtances; by the burning of 
candles ; by animal reſpiration z by the calcination. 
of metals; by the efferveſcence of iron · filings and 
brimſtone ; by the effluvia of white paint; by ex- 
halations from putrid marſhes, &c. From hence it 
is evident, that much air is daily corrupted, and 

without ſome remedy, the whole en would 
at t length become GEO 


How air made noxious is again purified, « or ren- 
D. dered 


15 


38 Of Pneumatic t. 
Zered Rt for breaflifng,” has long been a ſubje& of 
enquiry. But it appears by ſome late experiments, 
made by Dr. Prieſtly, that water and growing ve- 
28 reſtore it to a ſtate of purity ; which 
very may be of the greateſt importance to 
/ 


Tua air is an elaſtic fluid, eapable of being cx- 
parided by heat, and contrafted-by cold. Hence if 
auy part he heated, it will be rendered ſpecifically 
lighter than the adjoining air, and will therefore 
tiſe into the higher parts of the atmoſphere ; and 
the neighbouring air, by its weight, will ruſh into 
its place, and thereby a ſtream of air or wind will 
be produced. Thus we find the air ruſhing through 
the key-hole, chinks, crevices, &c. into a cloſe 
room Where a great fire is made. Aud the rare- 
faction made by the heat of the ſun, is the cauſe of 
all the regular winds, whether general or periodical. 

| For the air to which the ſun is vertical, is rendered 
8 Hotter than in any other region, and is therefore 
_ Ebnftabtly Tifing into the upper parts of the at- 
moſphere, while the heavier air from north and 
ſonth, is moving in to ſupply its place. Under 
dhe equinoctial it blows nearly from the eaſt point; 
but as the diſtance increaſes, it varies more and 
more on both fides, till about the 3oth degree of 
latitude, where, on the north fide it blows from the 
N. E. and on the ſouth fide from the S. E. But 

_ -this is to be underſtood only ef open ſeas ; for the 
N 1 | direction 
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winds, or monſoons, which blow- fig months in one 
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rection is altered by hot ſands, mountains, 


Hence we have the reaſon of the 
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1 LECTURE IV. 
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| pyptnocrance N philoſophy 
which treats. of the . preſſure, and 
_ a fluids. 


Anu Ls generally defined to be a body, whoſe 
Parts move freely among themſelves, and therefore 
yield to the leaſt partial preſſure. From whence it 
is ſuppoſed, that the particles of a Auid are ſmall, 
round, fmooth,. and hard. That fluids are porous, 
CER Sue Ces ooo. + 


All fuido, except air, are incompreſſible. That i by 
they cannot. be forced or ſqueezed into a ſmaller > 


| = ſpace than what they mur 80 3 


l © Sm 


Hines z. 4 that the ocean, _ a 3 41 
3 mull be every where of the ſame denſity, Ml 
that is, they will not be more denſe at the bottom 

chan at the top. et the preſſure avill be in proportion © 
to the depth,” as is eaſy to conceive, by ſuppoſing a el 
fluid compoſed of a number of thin plates, piled one ' 


upon another... For it is evident, that the higher | : 


F 4. EW the cc 
; N 3 

* 3 have e that water may be compreſed 
in a ſmall _". | 


th 


y 
1d 


reliſted by the fprivg of the interna ale. 


Of Hydroftptics. 41 
the + adam the ge will be the WO _ 
n by e e 3" 


"Wien 18 proved. by e 8 1 abi 2 
narrow tube, into a wider one almaſt filled with 
water; for, as the ſmall tube deſcends, the water is 


ſeen to riſe in it, in proportion to the c "though 


1 55 od; 


Tu preſſure of Haide, l facts depady. envy! 
*zoay equal ; as upwards, downwards, and WAs; 
and is always in proportion ro tt perpetidicillaF altitade, 


without any regard to the quantity. That js, 


fluice will he equally as mteh preſſed in the fide of 
2 pond four yard in diameter, a# it wouldl be if tHe 
pond was four miles in diameter. e 


Ix a —B 


of an open cylinder covered with leather, àhd placed 


more than twelve times its thickbeſs HGw"the für- 
ge it ks be nn "by- the Pe 2 of 


3 5 7 


3 FT 3 11 A IN 


W two round boatds be put together with led. 
ther, after the manner of bellows in the middle Uf 
the upper board fix a long 'kube, th rough which : 
pour water intd the bellows; and the hig Sher bbbrd 
will be raiſed by the agwid Jrelſit, though''a 
conſiderable e be laid u to” 57 

2 0 % Lor 
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Lr tli upper board of theſe bellows be fixed, 
and to the bottom faſten a wire, which coming 


through the tube, may be hooked to the end of a 


ſcale beam; then put weights into che ſcale at the 
oppoſite end, till the water be ſeen riſing above the 
upper board-. Now ſuppofing the weight fufficient 
for that purpoſe be two pounds, then muſt the bot- 


tom of the bellows neceſſarily ſuſtain a preſſure of 
that weight, for the two ſcales are juſt balanced. 
If to theſe weights another pound be added, the 


water will rife in the tube, till its preſſure at the 


dottom, being inereaſed to three: pounds, reſtores 
the. equilibrium. In the fame manner, for every 
additional pound thrown into the fcale, the water 
will riſe: #broughy an equal ſpace in the tube, and 
3 by its e NE ee r 


Fox te let; us - fappoſs det every a 
put into the ſcale raiſes the water one ineh in ibke 
tube : · then if it be raiſed 20 inches, the bottom 
muſt be preſſed with a force of 20 pounds, although 


the abſolute weight as m water be not more than 
2 PI . „ 1 
112 * er 2 5 5 | 
{'Eitnainery:Gugulan' II which i is etnaly d 
the bydrgftatic' paradox, is thug accounted for. + The 


upward preſſure at the ſame depth, is equal to the 


dovnward preſſure, and therefore the fixed part is 
preſſed upwards with a force equal to the weight of 
4 column of water of the ſame altitude with that in 

x the 


2 ® 
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the tube, and of a diameter equal to the Mid fixed 
part, which part re- acts upon the water, aud cauſes 


it to preſs upon the bottom with a force equal to 
the weight of a column of the before mentioned 
altitude, inereaſed by the depth of the - bellows, and 
of a diameter equal to that. of a ane 0 


3 £17 


Tas an open * 8 over one 1 of 
which. let à hladder be tied flaccid. Fill the ey- 
linder, to any height at pleaſure, with water, and 


by its weight the bladder will be made egnyex. on 


the lower ſide. Put the cylinder gradually into a 
large veſſel of water, and. while the ſurface. of that 
in the cylinder is higher than that in the: veſſel, the 


bladder will continue to be: bulged downward. As 
ſoon as their ſurfaces become level, or of the ſame 
height, the bladder will be flaccid. If the cylinder 
be ſunk deeper, the bladder will become convex on 


the. upper ſide; by the ſupertor upward preſſure of 


the water in the veſſel, *. its nn is the 
. 1 DS; 3.Þ 10 . 

Las a ſmall and wide the be joined NOR ES at 
the bottom; pour water into the wide tube, and it 
will riſe in the ſmall one to the ſame height, but not 
higher. Whence it is evident, that the preſſure is 
in proportion to the perpendicular altitude. For, 
were it as the quantities which the tubes contain, 
the altitude in the ſmall one ſhould be, to the alti- 
* in the wide one, as the ſquare of the diameten 
of 
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of the e wide e is to the ſquare of ms diameter of 


| "Fame "SAGA we : fee the e of bring wa- 
ter by aqueducts; or why water may be conveyed 
to any place not higher than the fpurce, though a 
valley intervene, by means of a bended pipe. For 
it is evident the water will always riſe to the level 
of the ſpring, whatever you coves: of 0p _ be. 


Tu ani of a a fluid minds the Babs or — 
8 Wy: a. veſſel, may be Computed as follows; for thc 
 betiom 5 multiply the depth in inches by . 03617, 
and the product thence ariſing, by the area of the 
bottom, in inches. This laſt produ& will be the 
whole preſſure _ the bottom in * avoir- 
dupoiſe. | 


we | =Y FT) a__ R aocr- PTY itt. wa o My 


2 Dove | fide multiply the area under water, in 
inches by .03617, and that again by the depth of 
the centre of gravity, in inches; the, * will 1 
be the Jes 7 in pounds, as W Ee et 1 


Tur ele with .wbich water ; ſyouts ont at a 
hole in the bottom or {ide of a veſſel, is equal to 
that which. would be acquired by a beavy: body, in 
falling from the . ns _- water to the _ 
A e e ee b 


Aerav body will fal through a fonce of 16. I3 
5 feet 


1 © pp 


Of H ydroftatice. . ; 45 
feet nearly, the firſt ſecond, and will thereby acquire 


a force which would carry it with an uniform mo- 
tion, over a To} of 1 2 26 feet per ſecond. 

1 if a Role! be Rs in the fide of a 
veſſel, or through the breaſt of a dam, at the depth 
of 16.13 feet belo the ſarface, the water will ſpout 
out, with a ny of 34:56 feet * ſecond. 

(Tus; veocity with whichs 5 ſpouts out at 
holes, made at different depths below the ſurface, 
is as the ſquare root of theſe depths. | As for example > 
ſhould it be required to-find the velocity, with which 
a fluid would ſpout through a hole 9 feet below the 
ſurface, it would be, as 4 (the. ſquare root of 16) 
ir to 3 (the ſquare root of 9) fo ic 32 (the velocity 
at 16 feet below the furface) to 24 feet, * velocity 


a fecong, required. | 
On; i the Here root of the depth in feet be 
multiplied by 8, fv. will { gre: * Ir in feet, 


. ſecond. 2 | $ TEE 


4 | f 4 4 
Taz following Table (which may be of ſervice 
to thoſe who are concerned in water-works) ſhews 
the velocity per ſecond; with - which water ſpouts 
from holes made in the ſide of a velſel, uy: one to 
_ feet below. the acts 
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F g 5 1 
SF yas * 24 
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ms A In this table 1 habe” taken ke v6 e at 
16 feet, to be 32 feet = ſecond, n not ated the 
decimal. 
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hole from - which the fluid ſpouts, otherwiſe the ve- 


Tur 


RI be greatly: retarded. 


JS of bg =o es 


a as 


A 2 — « mW oy 


07 Hydroftatice: N 47 


Tur quantity of water diſcherged-=at any depth 
below the ſurface; while the aperture remains. the 
ſame, will be as the velocity at that depth. As for 
example Should 8 pints be diſcharged through a 
hole, one foot below the' ſurface, in a certain time 
then an equal hole, mide two feet below the ſurface, 
would diſcharge | 11.28 pints ir in | the Fane ui tine; and 
ſo on, as in the table. = 1 ; | 


o A 1333 


SPOUTING fluids, when applica to wheels mould 
ſtrike them i in the direction of a tangent; or they 
ſhould flow i in ſuch a manner, were the flogt · boards 
or ladles away, as to paſs by the wheel, N80 juſt 
touching its circumference. If this be not the caſe, 
a conſiderable Part of the force will be deſtroyed, 
and the Ne bende retarded. | 

5 1 
Of Solids innerfed in F. 2 

Ir a ſolid be inmerſed i ina fluid, i it loſes juſt fo 
much of its weight, as is equal to the weight of its 
equal bulk of the] fluid. þ Take a cylindric bucket, 
and a ſolid cylinder of braſs, &c. which will exactly 

| fill it. Let the bucket be ſuſpended. from the end 
. of a ſcale beam, and the cylinder from the bottom of 
the bucket. Balance them by. putting weights into 
the oppoſite ſcale. Then place the cylinder in a 
| Jar of water, and the equilibrium will be deſtroyed. 
; Pour water into the. bucket till it be full, and it will 
. be-reflored again. Tl bence. it is evident, that the cy 
linder is refifled by the weight of its bulk-of war. 
„„ 3 From. 


—— 
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From this it appears, that if a body be . 
than water, bulk for bulk, it cannot deſcend, be- 
caule it 1s reſiſted by the weight of its equal bulk 
of water. If it be heavier, it will loſe ſo much of 
its weight, as is equal to the weight of its bulk of 
water, and deſcend with the reſt. If it be the ſame 
weight with water, bulk for bulk, it will remain at 


reſt in any part of the water. All which is ſbeaun 
by fall glaſe images, whoſe ers 22 —_— may be 


increaſed at pleaſure. | 


Relative or ſpecific gravity is the gravity or weight. 


of one body, compared with the weight of another, 
of equal magnitude. 


Ir a cubic inch of gold be twice the W of a 
cubic inch of copper, then are their ſpecific gravities 
laid to be as two to one. 


Tax ſpecific gravity of any kind of matter is 
eaſily found by the hydreftatic-balance. For if we 
ſuſpend the body, whoſe ſpecific gravity we would 
know, from the bottom of a ſcale, by a fige thread, 
and then balance it exactly, firſt in air, and then 
in aer, it will be, as the difference between the 
weight 1 in water and in air, is to the weight in air; 


ſo is the ſpecific gravity of water, to the ſpecific | 
gravity of the body required. 


Hence, if the weight of the body in air, be di- 
vided by what it loſes in water, the quotient will 
ſhew how many times it is heavier than water. 


Ix 
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In order to find the ſpecific gravities of Auids ; 
let a ſolid piece of glaſs be ſuſpended from a ſcale, 
as before, and exactly balanced in the air: if then it 
be immerſed in different kinds of fluids, the weights 
put into the ſcale over it every time, to reſtore the 
equilibrium, will expreſs the relative e of the 


fl uids. 3 2 


Tas ſpecific gravities of different bodies, found 
by the above proceſs, are erpreſſed i in the . | 


1 


A cubic Foot of 
X 


{ Flint Glaſs 


Pure Gold 5 


Standard Gold 
Pure Silver 
Standard Silver = 


IDA 
Copper - = «| 


Braſs calk - = 
Fo Or he 


VV 


Slate 2 * 2 


Dry Oak - - 


Pit-coal = - 
Ivory ß 


Mercury - = 


Spirit of Wine 


Red Wine 


1 


Ebony or 


} 
ö 


Dry Fir 


Rain Water - 
Aqua- fortis 


5 


6 


L 


4 


19,640 


I7,150 


11,091 
10, ooo 
10, 130 


N 


2,542 
2,750 
925 


| 15272 


1,177 
1,862 
546 
13,610 
1, 00 
1,300 


— 993 


9, 00 
7,856 
7, 645 
75551 


840 


Tux 


8 5 of H 2222 


Tus ſpecific gravity of fluids may be found 'S 
pouring a little mercury into a bended glaſs tube 
open at both ends, and then pouring into each leg 
a different kind of fluid, and in ſuch quantities, that 
the mercury in each leg may ſtand to the ſame al- 
titude ; and if the fluids poured in be of different 
. altitudes, their ſpecific . will be reciprocally 
as thoſe altitudes, | 


t 
Taz hydrometer is the moſt convenient inſtru- 
ment for diſcovering the ſpecific gravities of fluids. { 
The oaly one made on true principles is always ſunk p 
to the ſame mark in the ſtem, by weights placed 1 
on the top thereof. Hence the quantity of fluid 
diſplaced in every experiment, is exactly the ſame. 
If therefore we add the weight placed on the top, 
to the weight of the inſtrument, the ſum will be : 
t 


Example. If when ſunk to the proper mark in 
evater, the whole weight be io grains; and, if 
when ſunk to the ſame mark in rum, the weight be , 
928, then is the ſpecific gravity of the former, to : 
that of the latter, as 1000 to 928; the temperature | 9 

in each * the ſame. * 


the weight of the fluid — 
| 
| 


„An h Weber whth many improvements, is made b, tl 
Ne. J. Licas, of OY : at 
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7 Of Hydraulics, &c. 

t HE ſyphon or crane is a bended tube, which 

7 being filled with water, and then inverted, 
the outward leg being continued below the ſurface 
of the water to be conveyed through it, the water 

5 in the longer leg, by its weight, will begin to de- 

4 ſcend, and that in the other, by the preſſure of the 

K air, will be forced after it ; provided the altitude of 

: the ſyphon above the water does not exceed 33. ft. 

. | Tantalus Cup. 


Tur phenomenon of this cup is owing to a con- 
czaled ſyphon, the higheſt part whereof is lower 
than the top of the veſſel, one leg reaching below 
the bottom, and the other communicating with the 
inſide, near the bottom. As the cup is filled with 
water, the ſyphon will alſo be filled ; or the water 
will continue to riſe in the cup, till it runs over the 

| bended part of the ſyphon, when the ſyphon will 
begin to run, and the cup will be emptied. 


f 


ts 


o 


InNTERMITTING ſprings are accounted for upon 


%s 


and communicates with ſome cavity near the bottom; 
end if this receptacle be not ſupplied with water as 
E faſt 


«4 


this principle. If a ſyphon is formed in the earth, 


the fountain will again begin to play. 
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_ faſt as the ſyphon will carry it off, it will then riſe, 


as in the cup, till the ſyphon begins to run, which 
will continue till the cavity be emptied, or till the 


water falls below the orifice of the ſyphon, and then 


it will ceaſe. 


The Fountain at C ommand 


Ts a eylindric veſſel, about four inches wide, and 


five inches high, cloſed at both ends. In one end 
are inverted, round the centre, five or fix ſmall pipes, 
half an inch long, and one eighth in diameter. In 
the centre is ſoldered, a tube fourteen or eighteen 
inches long, and half an inch diameter; one end of 
this tube goes near the top of the veſſel, and on the 
other are ſoldered three claws to ftand upon, and 
which raiſe the lower orifiee of the tube about half 
an inch above the bottom of a cup, in which it is 
placed; in which bottom is made a ſmall hole. The 


veſſel being almoſt filled with water through the 


long tube, and then inverted, it will run out through 


the ſmall pipes into the baſon, and will rife till it 


touches the lower end of the wide tube, and then 
the fountain will ceaſe to run; for as the air is kept 
from entering through the long tube, the preſſure 
cf that on the outſide will ſupport the water in the 


veſſel. But as the water is conſtantly running out 
of the cup through the ſmall hole in the bottom, as 


ſoon as it falls below the orifice\of the long Pipe; 


Com man 


f 


E 


6. 
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Common Pump. 


Tue aQion of this pump depends upon the pref- 
ſure of the air. A piſton, with a valve in it, being 
made to ſit the bore of the pump, is put down near 
a valve which is fixed below in the barrel. A little 


water is poured upon it to 


then, when it is lifted up, the column of air upon it 


make it air-tighk, and 


is alſo lifted, and the ſpring of that below in the 
pump. is weakened, and the water, by the preſſure 
of the air, is raiſed in the barrel, 'till its weight, 
together with the ſpring of the internal air, balance 


the outward atmoſphere. 


The ſtroke being re- 


peated, when the piſton is put down, the air above 
the fixed valve makes its eſcape through. the piſton 
valve. When it 1s raiſed the air below is again 
expanded, and the water raifed as before, &c. until 
after a number of ſtrokes” the water is raiſed above 
the piſton and brought up into "he any” un 


whence it may run off. 


Is conſtructing a pump of this ſort, it is neceſ- 


ſary that the valve be not fixed too high, viz. not 


more than 20 or 24 feet, and in ſome caſes not 
more than 15 feet above the ſurface of the water. ; 


| Fon 0 the preſſure of the Sie will 
raiſe a column of water to the altitude of 32 or. 34 
feet (provided a perfect vacuum be made) yet the 


velocity with which it riſes, at. any altitude abore 
E3 


24 feet, 
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24 feet, is too ſmall where any conſiderable quan- 
tity of water is to be raiſed. At the ſurface of 
the well the velocity with which it follows the piſ- 
ton is upwards of 45 feet per ſecond, but decreaſes 
40 the mc of 34 feet, where it is nothing. 


I the ab or "IE pipe be made too. 
ſmall in proportion to the working barre}, the wa- 


ter will not riſe with a ſufficient velocity through 
the valve, to fill the vacuum in the working barrel 
left by the piſton, in which caſe the pump will be 


much harder to work ; for whatever the column 


| below the piſton wants of 33 feet, it will be added 
by the preſſure of the * | 


__ „ with which the piſton riſes, its 
altitude above the water, and the diameter of the 


working barrel, are all to be conſidered in com- 
puting the diameter of the wind-bore, or the di- 


ameter of the valve. 


Tuosx who are not able to adjuſt the dimen- 


| Gons by theory, ſhould fix the valve near enough 


the ſurface of the water, as within 20 feet, for in 


this there is no diſadvantage in working the Pump, 
a8 —_ people pes, | 


Fon ſhould it be —— to raife water 40 feet, 


+ the weight of water to be lifted every ſtroke will be 


*the ſame, whether the ſpear be 15 or 30 feet long. 
In 
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In the firſt caſe there will be but half the quan- 
tity of water upon ihe piſton, that there will be 

in the ſecond, but as the weight upon the piſton 

at every ſtroke, is equal to the weight of a column 

of water of the ſame diameter with the piſton, and 
of an altitude equal to the diſtance between the 
. | ſurface of the water in the well, and the ſurface _ 

| of that in the ciſtern, it can make no difference in 

what part of the pump the piſton plays, provided 

it be near enough the bottom: for theugh the 

water be forced up the lower part of the pump 

by the weight of the atmoſphere, yet the ſaid part 

is firſt exhauſted of its air by the piſton, which 

is conſtantly preſſed by the column of air above 

it with a force equal to the weight of the column 

of water below. 


From hence it is evident, that while the work- 
ing barrel remains the ſame, there can be no ad- 
vantage in contracting either the lower or upper 

part of the pump: for it has been already 3 
that, while the bottom or piſton remains the ſame, the 
pre nk is in — to the altitude. 


* . 


Forecing Pump. | — 


Ix this pump, the piſton is ſolid, or without a 
valve. A pipe with a valve in it is fixed in the 
fide of the pump, Juſt above the fixed valve; ſo 

| that when the piſton' is puſhed down, the water is 
forced out at the fide pipe, and is hindered from 
returning 


Kc. to riſe. 1 
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returning by the valve. The ſide pipe may hs or 
any length required, and by it the water may be 
forced to the tops of buildings, &c. 


| Lifting Pump. 

IN this pump, the ſpear goes in at the bottom, 

is wrought by means of a frame, and can there- 
fore only be uſed in deep waters. 


The draining P ump 


12 made ſquare with a valve in the bottom: it 
is + Wolly wrought in an inclined poſition, the piſ- 
ton is, made in the form of the fruſtum of a ſquare 
pyramid, the edges are fixed with cords to the ſpears 
When it 1s ten up, the water preſſes it cloſe to 


the pump, but when it is puſhed down, the ſides 


bend in, and give way for the water, ſand, gravd, 
Archimedes* Screw 


- Ts a tube open at both ends, coiled round a 
cylinder. When it is to be uſed it is placed in 
an inclined poſition, with the lower end in water, 


and upon turning it round, the water is brought 


out at the top. 
Cervis Engine 


| Conssrs of two buckets ſuſpended from wheels 


which have their diameters proportioned to the aſ- 
cent and deſcent. When the machine is at reſt, the 


5 tops 
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tops of the buckets are nearly upon a r they 
are ſupplied with water at the ſame time, but in 
ſuch a manner, that the bucket which raiſes the 
water is firſt filled, after which it runs over into the 
other. As ſoon as this has received a ſufficient 
quantity, it begins to deſcend, and raiſes the other, 
full of water, which when at the top, empties itſelf 
through a valve (opened by a lever ſtriking againſt 
a ſtud) into the reſervoir. At the ſame time the 
water runs out of the other bucket through a valve 
opened by a ſimilar contrivance. When both are 
emptied, they return to the place where Ng * 
the water. 


- Dr. Barker's Mlll. | 


Tn cylindric mill is a tall upright tube, into 
which, near the bottom, and on oppoſite ſides, two 
horizontal tubes are fixed. 


When the water (which runs in at the top) has 
filled the arms and cylinder, the preſſure againſt the 
inſides of the arms will be as the height of the cy- 
linder. Suppoſe the altitude to be 20 feet, the 
preſſure upon every inch will be 10.81b, If an a- 
perture of 6 inches in area be made in each arm, on 
. contrary ſides, and near the ends; the preſſure on 
that fide of the arm will be diminiſhed 64. 8lb. but 
will remain the ſame againſt the other fide; hence 
there will be a force of twice 64.81b. or 129.6lb. 
acting at the ends, to turn the machine round. ws 


— —]§—· , 
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3 the po ver of the above Mill. 


the area of one aperture 

the length of one arm. 

the altitude in inches 

5787 ox. avoirdupoiſe, the weight of 4 
cubic inch of water 

velocity per ſecond | 

diſtance of the reliance from the centre 


L . "n 


3 


8 
[| 77 


Then will ad! = the preſſure when the mill is at 


reſt. And as n : B e: ad: = = the force 


at na. | = 3 F | : l . * 


Ir we wiſh to increaſe the force by inereaſing tlie 
depth, while the ſtream remains the ſame, the a- 
perture at the bottom muſt be inverſely as the ſquare 
root of the altitude, or depth of water in the mill. 


Sorrosz we make the depth equal to 44. | 


ST . | | 20v/T 
„Then as Vd: v:: A — Wok = 2 hence 


_ myſt be again divided by 2 or 2 — the area 


of one aperture, and the foree or po ver of the mill, 
will be expreſſed by 2a/d, which is double what it 
vas in the lirſt expreſſion, or as the. ſquare root. of 


the altitude. 
| HEeSCE 
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Hexe it appears, that the force will be as the 
ſquare root of the altitude, while the quantity of 
water remains the ſame. 


Bor if the aperture remains the ſame, and the 
water remains ſufficient to fill the mill, the force 
will be as tae altitude. 


Centrifugal Machine. 


Easkixz's centrifugal pump conſiſts of an n upright 
tube, which has a valve at the bottom. Into this 
tube are fixed two tubes, or arms, at the top, and 
oppoſite each other. There is alſo a hole in the 
upper ſide of one of the arms, through which water 
1s poured, till the whole is filled: it is then cloſed, 
and to ſupport the water in the arms, e each is fur- 
niſhed with a valve. Then by means of wheels and 
cogs, it is turned quickly round a perpendicular 
axis. The water in the arms acquires a centrifugal 
force, preſſes open the valves, and flies out, and to 
ſupply its place, the water is raiſed through the 
upright tube, by the preſſure of the atmoſphere ; 
hence it is evident, that this pump cannot raiſe 
water much above 3o feet, nor ought it te be made 
much more than 20 feet high. 


As all the methods of computing the force of the 
kentriſugal pump, that J have ſeen, are exccedingly 
erroneous, and founded upon falſe ie I have 
added * following note. 


of 


0 Hydraulics, 
"> the Power of the Centrifugal Pump. 


Let a = length of one arm | 
# = time of one revolution in Cds 


dq = 16.1 feet 
7 3.14159 | 


. TE. A, in OY 
-Then as he” is | 4 "3 the centrifugal 


force of the water compared with its gravity. 


SzcondLy. To find the altitude of a cles awhich 
wiil be equal to the centrifugal force. 
8 a? 


g* : 
2 — :: 4: — the hei hc ir in feet. 
* at A 5 


ww 


Tuixprr. To find the velocity with which the water 
| is diſc barged. 


| From the 3 of Hydroſtatics we ſhall have 

43 „e — dl. s . By 
9 

} being mu for the height of "ag pump in feet. 


7 = 613 hence the three following theorems. 


TuEOREM I. 
5613 * 77 = the centrifugal force compared with 


ihe gravity, which is repreſented by 1. 
Es | | THEOREM 


of 


18 


a 
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Tusonzu II. 


a? 
573 * —-= = the height of a column, the weight 
of which i is equal to the centrifugal force. 


” Tron III. 8 1 
3 l w reloy of th 


water at the ends of the arms. 


> 


ExAMPLE. 
Let a = 3 feet 
z = +4 ſecond - 
* 


10 feet 
5 TREOREM J. N 
613 X = = 7.356, hence the centrifugal force 


is more than ſeven times the gravity. 


TugOREM II. 
22 : 


613 X = = 22.08 feet, the height. | 


TrzorEm III. 


e Wo 
YE un gt = 27.7 feet per ſecond, 


Ler the diameter of the ends of the arms from 
which 
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which the water is diſcharged be -required, ſo tllat 
the above op _ raiſe one gallon por ſecond. 


Let = 27.7 fore = 332. inches, the velocity 

s = 141 inches, or half a gallon, the quantity 
thrown out by one arm 

the area of the arm - 


1 
II 


Then will * 2 = 424 inches, the area of the 


end of the arm, and the diameter will be tous 
near 4 inch. d 


Wuich pump will raiſe 60 gallons per minute tn 
the altitude of 10 feet, but. will be too hard labon: 
for one man. 


Newſoam's Water Engine. 

Taz engine generally made uſe of for extii- 
guiſhing fires, conſiſts of two pumps, which altcr- 
nately force the water into a ſtrong air-veſſt], in 
the top of which a pipe 1s fixed, and extends near 
the bottom. When the water is riſen in the veſſel, 
to the bottom of the pipe, the air cannot make its 
eſcape; but as the water riſes, it compreſſes the air 
in the crown of the veſſel, which, by its ſpring, for- 
cibly acts upon the ſurface of the water, and cauſes 
it to ſpout through the pipe with an exceeding great 
velocity, and by means of a proper contrivance 2! 


the top, may be.thrown in any direction at pleaſure. 
| | Tlt 


ne 
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The Chain Pump, | 


On rag pump, conſiſts of a number of pieces of 
wood or iron, of the ſame ſize, which are connected 
by a ſtrong chain, paſſing through the centre of 
each, the ends of which are linked faſt together. 
This chain is ftretched by two ſmall wheels, having 
teeth of a proper ſize to admit the pieces of N 
ſo that by a winch, ſixed upon the axle of the upper 
wheel, the chain is cauſed to aſcend on one ſide, and 
defcend on the other. On the aſcending fide they 
riſe up a cloſe groove, into which they are exactly 
fitted, ſo that they take with them as much water 
as can be contained between each piece of wood and 
the next. When they have reached the top, the 
water runs into a trough, which conveys it away. 


Bucket Engine. 


Tar working part of this engine is made with a 
beam in the form of an iſoceles triangle, the vertical 
angle of which is very obtuſe. The axle is placed 
in the baſe, and on the two equal legs are faſtened 
two troughs, to the ends of which are hung two 
large buckets, with a valve in the bottom of each. 


By a proper pipe the water is delivered exactly 
over the axle, and a diviſion being placed in the 
troughs at the vertical angle, it can only run down 
into one bucket at once. The buckets are ſup- 
ported by a catch, till nearly full, and then they 
7 fall 


& 


* 
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fall with a jerk alternately; as the diviſion is firſt 
thrown. on one fide the ſtream, and then on the 
other. When the buckets are at the bottom, they 
are emptied through the valves, opened by ſtuds. 
Tus is only the machinery for working either 
common. or forcing pumps. 


Steam Engine. 


"oo fre- engine conſiſts of a large beam, boiler, 
cylinder, &c. In the cylinder, which ſtands upright, 
a piſton is ſuſpended frem one end of the beam, 
and to the other, are fixed the pump rods, The 
cylinder and boiler are made to communicate by 
means of a pipe, in which is placed a plate called 
the regulator. The boiler is filled with water to 
a certain depth, which by fire is converted into a 
vaſtly claftic ſteam, ® the ſtrength of which is known 

| | by 


* It has been maintained by many, that water, when 
converted into ficam, fills 13, ooo times its original ſpace. 
But from various experiments made in order to aſcertain. 
the expanſion in the cylinders of ſteam-engines, I conclude 
it is much leſs, When the boiler ſtands at a diſtarce, 
the ſteam is cooled, and part of it is condenſed by the tubes 


in which jt is conveyed; much of it is. alſo condenſed by 


tre cylinder. By many experiments made on a cylinder, 
three ſeet in diameter, one gallon of water produces about 
800 gallons ot efficacious ſteam. By other experiments 
made by Mr. Bateman, of Whitehaven, with. a cylinder, 
five ſeet eight inches diameter, one gallon of water will 
produce 1532 gallons of ſteam, but never mare, 


Nn. SY OY 0. OS \- - =P 
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by its-lifting a valve at the top of the boiler, called 
the ſteam clack. - When the regulator is open, the 
ſteam enters into the cylinder, and drives out the 
air through a ſmall hole, covered with a valve, called 
the ſnifting clack. When the cylinder is filled 
with Ream, the regulator is ſhut, and the injection 
cock is opened, by which a jet of cold water 1s let 
into the cylinder, from a ciſtern fixed above. 'This 
jet condenſes the ſteam, and makes a ſufficient va- 
cuum for the piſton to deſcend, which is imme- 
diately brought down by the weight of the atmoſ- 
phere. In its deſcent it ſhuts the injection dock, 
and opens tlie regulator; the ſteam again enters 
into the cylinder, and balancing the preſſure of the 
air, the piſton is raiſed by the weight of the pump 
rods at the other end of the beam: as it riſes, it 
ſhuts the regulator, and opens the injection cock: 
the ſtroke is again repeated, and the water in the 
get 18 raiſed, and e ch at the top. 


FuE n- 18-- ae nen fronger or. weaker 
than the outward air: if it be g ſtronger, the en- 


gine will work well. At a mean, the preſſure upon 


every ſquare inch of the pifton, will be 14lb. and 
upon every foot 18cwt. But in practice the weight 
at the other end of the beam, ſhould not be more 
than half the preſſure upon the piſton, in order that 
the engine may ſtrike ſufficiently faſt. 


Tax lteam- engine fins lately been made with an 
. F 3 inverted 
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inverted piſton, to ſave the expence of a beam. 
The contrivance is ingenious, but it does not work 
any thing near ſo well as when made with a beam. 


Patent Steam Engine. 

' BINCE the firſt invention of the ſteam-engine, by 
Meſſrs. Newcomen and Cowley, of Dartmouth, to- 
wards the latter end of the laſt century, it has 
undergone ſeveral alterations; the greateſt of which 
has been made by Meſſrs. Boulton and Watt. In- 


ſtead of the preſſure of the air, they have ſubſtituted 


the elaſtic force of the ſteam; and inſtead: of con- 


| denſing, as in the common form, a vacuum is made 
in an adjoining veſſel, into which enters a jet of 


cold water, which, with the condenſed ſteam, is re- 
moved by a pump. By this contrivance, the cy- 


| linder is always kept hot, and conſequently requires 
leſs ſteam. In this conſt ruction, the top of the 


cylinder is cloſed ; a rod paſſes through a collar in 


the cover; and a communication is eccaſionally o- 
pened between the top and bottom of the cylinder. 


Wuxx this engine is applied to communicate a a 


rotatory motion, the ſteam alternately preſſes upon 


the upper and lower fide of the piſton, which, in. 


this caſe, is not ſuſpended. from the .beam by a 


chain, but fixed in ſuch a manner, as to preſs the 
heam with equal force, whether. riſing or falling. | 


LECTURES- 
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E LECTR 1 C fire, or electric fluid (or by 
whatever name we may call this ſubtle active 
matter) ſeems to be inherent in all bodies; but 
does not appear unleſs the equilibrium is deſtroyed; | 
which may be done by rubbing vitreous or reſinous 
ſubſtances; which ſubſtances are called ele&@ris, or 
non · conductors. Metals and bodies which. contain: 
muck phlogiſtion, are conduRors of electricity, and 
are called non - electrics. 


Ir metallic bodies are infulated! (ſupported by 
electries) their quantities of electrieity may be in- 
ereaſed, which at the approach of a ball of metal, 
&c. will make its eſcape with a ſnap, and. will ſhine. 
or appear like a ſpark of _ CO 5 


Bois, which contain unequal portions of elec- 
tricity, attract each warne af equal ann they 
repel, og 


Ir both fides of a jar be avian with toit 
except a circle round the top of about two inches. 
in breadth, and a quantity of electricity be thrown. 
upon the inſide, the outſide (being connected. with 

| tae: 
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the Earth) will part with an equal portion, After 
which, if a metallic communication is formed be- 
tween the ſides, the jar is diſcharged, or the elec. 


tricity eſcapes from the inſide to the outſide, with 


a p and flaſh, 


+ From which it appears, that if one fide of an 
electric contains more than ita natural quantity, the 
other will « contain leſs. | 


| 3 if the upper eee 
contain more than their common quantity, the 
ſurface of the Earth ſhould, contain leſs, and vice 
vera, which has always been obſerved to be the 


caſe in thunder ſtorms. 


- From. modern obſervations. it is certain, that 
"> is a large quantity of eleQricity, paſling 
between bodies which contain unequal portions 


| thereof. Sometimes deſcending from the cloud to 


the Earth; ſometimes riſing from. the Earth to the 
cloud, &c. 


. L1G4TNING always precedes the thunder, and 
is the cauſe thereof. It may be conſidered as a 
ball, moving through the air with a velocity ſuf- 


| ficiently great to leave a vacuum behind. it. The 


air, which was divided and condenſed in the vicinity 
of the paſſage, by its elaſticity, immediately coa- 


Tux 


ce 
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THz duration of the thunder- peal is accounted 
for, in the moſt ſatisfactory manner, from the pro- 


greſſive motion of found : not by reverberation, or 
zones of inflammable air, as ſome have ſuppoſed. 


Ir a lightning paſſes from cloud to cloud in va- 


rious directions before it reaches the Earth, the 
time of this paſſage is momentary. | 


Tus velocity of light is 200,000 miles in one 
fecond; that of ſound, 1142 feet, Hence the 


Hghtning will be ſeen the very inſtant that it moves, 


But if no part of the vacuum ſhould be nearer than 
one mile, it would be about five ſeconds before the 
ſound could be heard: or there would be five ſe- 
conds between ſeeing. the lightning, and hearing 
the thunder. And if another part of the vacuum 
ſhould be at the diſtance of two miles; from that 
part, the ſound would require ten -ſeconds. to. paſs 
over it. Hence, the thunder-peal would in that 
caſe eontinue five ſeconds. And by meaſui ing the 
interval between the lightning and the beginning of 
the thunder, we may nearly eſtimate the diſtance of 
the neareſt approach of the lightning, to the place 
where we are. And the number of ſeconds between 
ſeeing the lightning, and the end of the thunder, 
will give us the greateſt diſtance of the ſame light - 
ning. When the interval is one ſecond, the diſtance 
will be 381 yards, 

+ When, 
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en 2 ſeconds 761 yards 

1142 

1523 
1.08 he 
1.3 : 
1.51 

1.73 

9 4 1. 94 mile, « or near 2 miles. 
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To ſecure beidaieg from the eltects of . 
e of metal ought to be ſo placed, that one end 
may be elevated above the higheſt part of the 


building, and the other ſunk deep in the — or 


| carried into water. 

A Two knen . s upon this ſubjeõ, illuſtrated 
by experiments made with a cylinder 19 inches diametc:, 
and conduftors of 12 inches diameter, with other ne. 
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LECTURE VIII | 
Of Optics. 


T is manifeſt from a number of experiments, 

that light is a real ſubſtance or body, and that it 
conſiſts of particles iuconceiveably ſmall ; otherwiſe 
they could not pervade the pores of glaſs, diamond, 
Kc. The wiſdom of the creator is abundantly ma- 
nifeſt, and perhaps as fully diſplayed i in the ſmallacſs 
of the particles of light, as in any part of the cre. 


ation. Light is emitted from every point in the 


ſurface of a luminous body, in right lines, and with 
a velocity of 200,000 miles in a ſecond of time, 
which is inconceiveable and unparrallel'd. 


As light is propagated in ſtreight lines, it muſt 
decreaſe, as the ſquares of the diſtances increaſe; 
that is, if at the Earth we have a certain quantity 
or degree of light and heat from the Sun, then at 
twice that diſtance there will be but 4 part of that 
quantity; and at three times the diſtance but + part 
thereof: but at half the diſtance there will be 4 
times as much, and at one third of the diſtance, 9 


times as much. So it will be found, that at Mercury 


there is about 62 times the light that we have; at 
Venia, near twice as much; at Mart, about , ; at 


Jupiter "IP 
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Jupiter * TF 3 and at Satur ity 180 part of the light 
and heat which we have. . 


Ir a ray of light, coming from the ſurface of a 


luminous object, falls upon a plain mirrour, it will 
be fo reflected, that the angle reflection will always 
be equal to the angle of incidence. 


Licnr, alſo, in paſſing out of one medium into 
another of different denſity, is refra&ed, or bent out 
of a ſtreight line, and the more ſo as the meodines 7 18 
more denſe. 


Tus white light of the Sun is heterogeneal, or of 
different kinds, and each kind differently refracted, 
or bent out of its way in paſſing through the ſame 
medium, and appears alſo of a different colour. 
Theſe rays which are leaft refrangeabte, excite the 
| idea of red; the ſecond ſort, of orange; the third, 


of yellow; the fourth, of green; the fifth, of Vue; | 


the ſixth, of indigo; and the ſeventh, of wicker. 


Tr a beam of the Sun, coming through a ſmall 
hole into a dark room, fall upon the fide of a tri- 
angular glafs priſm, it will, npon the oppoſite fide 


of the room, form an oblong and coloured 1 image of « 


the Sun. 


Now, if theſe different ſorts of light were not 


differently refrangealle, the image after refraction 
| would 


Id 


would continue to be round; but we find it is not, 
and that the red light is leaſt, and the yquas the 


moſt refrangible. 


Taar theſe different kinds of light really exiſt 
in the light of the Sun, and that the image is not 
ſpread out by the incident rays being diſturbed, 
ſhattered, or ſplit by the glaſs, appears from a 
number of experiments, as ſbe ⁊un in the lecture. 


Licar falling upon the 6 of bodies, is in 
part reflected, and in part imbibed, If the parts of a 
body be ſo diſpoſed as to reflect all the rays which 
excite the idea of red, and imbibe tlie reſt, that 
body maſt appear red. If a body reflects all the 
green rays, and imbibes the reſt, it muſt appear of 
a green colour, &c. Every body, therefore, ap- 
pears of ſuch a colour, as would be produced by 
a compoſition of the different kinds of _ which 
it reflects. 


Bobizs which reflect one kind of light, and re- 
fract the others, will appear of An colours by 
refraction and reflection. 


Tux phznomenon of the rainbow is cauſed by 
the Sun's rays being ſeparated by the drops of fall- 
ing rain, as is ſhewn in the leure, by blling a glaſs 
globe. with water, and letting a beain of the Sun, 


coming through a ſmall mech into a dark room, fall | 
_ th 
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Ir parallel rays fall upon a concave mirrour, they 
will be reflected back to a point, diſtant from tlie 
vertex of the mirrour equal to half the radius cf 
goncavity. This is called the ſolar Focus, or burning 
point: for the rays of the Sun meeting in thi 
pöipt, burn yery intenſely. There is alſo in this 
; Point, an image formed of the object, from which 
the rays proceed. But if the object be brought 
nearer, ſo that the rays do not fall parallel, the 
image will not be formed in the ſolar focus, but 
further from the mirrour: and as the object is 
brought nearer, the image will recede, till they 
meet in the centre of the ſphere of concavity, 
where they will be of * magnitude but the 
image inverted. 


4 the biegt! is 3 nearer the focus, the 
image will conitantly fly off, till the object arrives 
at the focus, and then the rays will be refleRed 
parallel among themſelves, ſo that no image can 
de formed. If the object be between the focus 
and ,mirrour, the image will .be formed behind the 
mirrour, ere and magnified. 


PARALLEL rays falling upon a plain glaſs of equi 
. thickneſs, cannot be converged to a focus, but wil 
Proceed parallel after refraction. 


Ir one ſide be plain, and the other convex, pe 
Tallel rays will be converged to a point, at a diſtanct 
| equi 
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i equal to the diameter of the ſphere of convexity. 
ey It it be double, and equally convex, they will meet 
= in the centre of the ſphere of convexity. 
ng Is theſe points, images will be formed of the ob- 
- jects which the rays Proceed from. If the objects 
* be brought near, the 1 images will be formed further 
2 | from the glaſſes, than the above mentioned . 
the Ir the diſtance of the object be equal to twiee 
ou the focal diſtance of the glaſs, the image will be. 


formed at the ſame diſtance on the other fide, and 
TW of the ſame magnitude with the object, but in- 


the . | 

Con:ave glaſſes do not form images; but parallel 
10 rays, aſter refraction, proceed diverging as if they 
d : came from a point, diſtant from the glaſs, equal to 
* ihe diameter of the ſphere of concavity, if it be @ 
= plano concave 5 but as if they came from' the centre, 


it it be a double concave. 


Tas human eye is of a globular form, and con- 
fits of three humours, the agqaeous, cryſtalline, and 
vitreous, Parallel rays are by theſe converged to 

a focus at the bottom of a perfect eye, and an 
image is painted of the object they proceed from, 
upon the retina. But if the eye be too convex, the 
rays will meet before they reach the retina: if too 
tat, they will tend to a point beyond the retina. 

G 2 The 
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The firft is remedied by concave glaſſes, or by 


holding the object very near the Me the laſt by 


_ convex glaſſes. 


4 : Ir an object be placed in the focus of a convex 
glaſs, the rays, after refraction, will proceed parallel 


among themſelves; and an eye placed on the other 


ide, will have a diſtinct view of the ſaid object, 
which will alſo appear to be magnified: for a per- 


fect eye cannot ſee any thing diſtinctly nearer than 


8 inches. Therefore if the focal diſtance of the 
glaſs be half an inch, the apparent diameter will 
be increaſed 16 times; if + of an inch, 32 times. 
Hence they become of uſe as magnifiers, or Angle 
micreſcopes, for viewing ſmall objects. 


A compound microſcope has a ſmall object glaſs 
fixed in one end of a tube, and an eye glaſs in the 
other end: the object is placed upon a ſtage a little 
further from the glaſs, than the focus of parallel 
rays. By this glaſs an image is formed of the ob- 
ject in the tube, and is as much magnified in length 
as the diſtance between the image and glaſs, is 


greater than the diſtance between the object and 


glaſs; | which ſuppoſe 8 times; then if the eye glaſs 
be one inch focal diſtance, the image by it will be 
magnified 8 times alſo, and by both glaſſes 64 times 
in length. In moſt microſcopes, a third glaſs is 


added to Increaſe the field of view. | 
| Tur 


«* - 
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Tue magnifying power of the ſolar microſcope is 
computed by dividing the breadth of the room by. 
the diſtance between the object and glaſs. Suppoſe 
the firſt be 6 yards, and the laſt half an inch, then 
will the object be magnified 423 times in length, 
186,624, in ſurface, and 80,62 1,568 times in 
—_ 


Tz camera obſcura is made of various forms and 
fizes. It is intended to exhibit a painting of ſuch 
objects as are before it. A fingle convex glaſs 
forms this painting, and the box is always ſo con- 
trived, that the glaſs can be moved to its proper 
focus, from the ſcreen on which it is formed. 


A perſpeRive glaſe has in one end a convex object. 
glaſs, and in the other a concave eye glaſs, which 
is placed at its focal diſtance within the focus of 
the object glaſs. Let the focal diſtance of the 
object glaſs be 6 inches, and that of the eye glaſs 
I inch; then the diſtance between them will be 5 
inches. The magnifying power of this inſtrument 
is computed by dividing the focal diſtance of the. 
object glaſs by that of the eye glaſs. 


Tux aſtronomical tel:ſzope has in one end an object 
glaſs, by which the rays are converged to a focus, 
where an image is formed of the object they pro- 
ceed from. This i image is viewed by an eye glaſs, 
paced at its focal diſtance from it, in the other 

. G '2 | end 
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end of the tube; and is as much magnified as the 


focal diſtance of the object glaſs is greater than 


the focal diſtance of the eye glaſs. All objects 


ſeen through this teleſeope appear inverted. 


Tu common terreſtrial teleſcope has three eye 


glaſſes of the ſame focal diſtance, by which the 


image is viewed erect. Its magnifying power 18: 


eomputed the ſame way as the laſt. 


Tr is an onerfetion in refracting teleſcopes, 


that heterogeneal light is not refracted to the ſame 
point in the axis of the object glaſs; otherwiſe the 


focal diſtance of the eye glaſs might be very ſmall, 


and the magnifying power very great. 


Tunis imperfection is in part remedied in Doland': 


patent teleſcope, which is a very great improvement 
of the common refraQting one. 


Tu reflefiing teleſcope is a wide tube, open at one 
end, and in the other is fixed a concave mirrour 
with a hole .in the middle. Rays of light falling 
upon this, are reflected back and croſs in its focus: 
after which, in a diverging ſtate, they fall upon # 
ſmall concave, placed nearly at its focal diftance 
from the focus of the great mirrour, by which they 
are reflected back through the hole in the great 
mirrour, and fall upon a convex glaſs, by which 


| _ are converged to a focus, and form an image, 
which 


12 


12 
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which is viewed by an eye glaſs in the end of the 
tube. This teleſcope magnifies 8 or 10 times as 


much as a refracting teleſcope of the ſame length. 
Tat magic lanthorn has a large convex glaſs in 


one fide, and a candle being placed in its focus, 


the rays, after refraction, proceed parallel to each 
other, and illuminate a tranſparent painting. At, 


a diſtance, in the end of a tube, is fixed another 


convex glaſs, by which the rays. are converged to 


a focus, and form an image of the painting, vaſtly: 
magnified, upon a white ſheet on the ſide of a dark. | 


room, 
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LECTURE Ix. 
. Of M Techanics, = 


HIS ſcience treats of motion; explains the 
" Jaws obſerved by moving bodies, and teaches 
how to compute the force of the mechanical powers, 
whether fidgle or combined in machines. By this 


ſcience the utmoſt. improvement is made of every 


natural power, and the various elements made ſub- 
ſervient to the e of man. 


Tuxkx. are three laws which are obſerved * all 


moving bodies whatever. 


Tux firſt is, That every body endeavours to continue 


in a Hate * reſt, or moving un Ver mly in a right line. 


Tas ſecond i is, That the change of motion is always 
proportioned to the generating force impre efſed, and is 
always made according 10 the right line in which that 


force i 1247 an 


Tx E thi rd 18, That afion and reaction are equal, 
and in contrary direfions. | 


Of the d. eſcent of bodies in non -rf (fling mediums. 


A Bopy left to itſelf, begins to deſcend, or is 


carried towards the centre of the Earth, by the 
power 


Q Oo Oo& —- 


— 
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power of gravity. This power acts conſtantly upon 


all bodies in proportion to their quantities of mat- 
ter: hence, hodies containing unequal quantities of: 


matter, will. deſcend with the ſame velocity. A 


body, in one ſecond of time, will deſcend through a. 
ſpace of 16.13 feet; at the end of this time, were 
the attraction to ceaſe, it has acquired a velocity 
which would carry it with an uniform motion over, 


a ſpace of 32.26 feet in the next ſecond :; but the 


attraction of gravitation acting conſtantly. upon it, 
its motion continues to be accelerated, and it is 
carried over a ſpace of 48.39 feet, or three times as. 
far as in the firſt ſecond. From hence it appears, 
that falling bodies will be conſtantly accelerated; 
that the ſpaces fallen through will be as the ſquares. 
of the times, or as the fquares of the velocities, viz. 
if a body in a certain time falls through 16 feet, ig 
twice that time 1t*will fall through 4 times 16 feet, 
in three times the time, through g times 16 feet, 
& c. the momentum of a falling body is always as the 
time or velocity. When the velocity is the ſame, 
it is as the quantity of matter, and is found by 
multiplying the quantity of matter by the velocity. 


Of bodies deſcending down inclined planes. | 
As the length of the plane, is to the height 


thereof, ſo is the ſpace paſſed over by a falling 


body, to the ſpace deſcended through on the ſurface 
of the plane in the ſame time. And as bodies are 


a down the inclined * by the power of 
gravity, 
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gravity, it is evident they will be equally accelerated, 
as well- as thoſe which fall. iv perpendicular direc- 
tions; that is, whatever ſpace they paſs over in 
one ſecond of time, they will in two ſeconds paſs 
over four times that ſpace, & c. and the velocity at 
the loweſt. point will be equal to that which would. 
be acquired by a PRE" deſcent through the, 
altitude of the plane. 


Wurz the altitude of the plane remains the, 
fame, the velocity at the loweſt point will always 
be equal, whatever the length be: ſo that if a body 
deſcends down a number of contiguous planes, or 
down a curve, the velocity at the bottom, as alſs 
the Þnomentum, will ſtill be equal. The times of 
deſcent down planes of the ſame altitude, but of 
different 5 will be . e as the leu | 


. From the above we may. . that whether a 
body deſeends through the diameter of a cirele, or 
through any chord of the ſame circle, the deſcent 
will be performed in the ſame time; and the velo- 
city at the loweſt. point, will be equal to that whick 
would be acquired by falling through the perpen- 
dicular height of the chord. 


— 


Ir, while a body ene down one chord, ano - 
ther falls through the diameter of the circle, then 
while it would aſcend up the oppoſite chard, which 
would be in the ſame time, t the falling body. woulg 

wy 


Pals over four times the diameter of the circle. 
The times of deſcent in arches, are to thoſe in their 


diameter of a circle, in whoſe chord a body would 
the deſcent in the chord, as 1 to 7854, it will be, 


lengths of pendulums are in the ſame ratio, as the 


fore to find the length of a pendulum to vibrate half 


Inches, the length required, Ke. ; 


_ acted -upon by two forces, the impetus or projedile 
force, and the power of gravity. By the firlt, it 
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reſpective chords, as 1 to . 7854. Therefore the 
length of a pendulum to vibrate ſeconds will be 
found by the following proceſs, to be 39.2 inches; - 
for, -a8 -1 {the ſquare, of 1 ſecond) is to 16,12 feet, | 
{ is 2 (the ſquare of 4 a ſecond) to 4.03 feet, the 


deſcend and aſcend in a ſecond of time. Its radius 
is 2.01 feet; and as the deſcent in the arch, 1s to 


As the ſquare of .7854, is to the ſquare of 1, fo 
is 2.01 fect, to 3.26 feet, = 39-2 inches. The 


ſquares of the times in which they vibrate, There- 


ſeconds, ſay, As 1 (the ſquare of 1 ſecond) is to £ * 
(the ſquare of +5 a ſecond) fo is 39.2 W to 9.8 


a thrown in horizontal, oblique, or upright 
directions, are called projeailes. Every projectile is 


paſſes over equal ſpaces in equal times; but by the 
ſecond, it falls through ſpaces which are as the 
'{quares of the times. Every projectile, therefore, 
moves in a curve, except they be thrown upright, | 
in which caſe, to appearance, they w ill move nearly 
in @ freight line. 


EvEes.y 


Every body revolving round a centre, is alſo 
acted upon by two forces, the centrifugal and cen- 
tripetal. The centrifugal ariſes from the firſt im- 
- pulſe, and tends to carry the body off from the 

centre: but by the centripetal force it is conſtantly 
drawn towards the centre. If theſe forces have a 


certain ratio to each other, the body is kept re- 
volving round a centre in a circle or ellipſis. 


In revolving bodies we muſt obſerve the quantity 


of matter, the diſtance from the centre, and the 


periodical time, or time in which the body makes 
one revolution round the centre. | 


'T wo equal bodies revolving round a centre at the 
fame diſtance, and in the ſame time, will have equal 
centrifugal forces. | | 


If the diſtances and periodical times be equal, the 
centrifugal forces will be direaly as * quantities Y 
matter. 

It the periodical times and quantities of matter be 
egual, the centrifugal nn will be in the ſame ratio 
as the diftances. 


ry 


IT the periodical times be. equal, and the diſtances le 
reciprocally as the quantities of matter, the centrifugal 


you ill alſo be equal, 
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When the diſtances. and quantities of matter are equal, 
* centri ifugal forces are direly as ihe ſquares of the 
velocities, or reciprocally as the ſquares id the . 


limes. : "Pa 2 


Tazsz ws are all. demonſtrated in the, lectures 
by the central machine. . 
Tux centre of magnitude is a point which is 
equally diſtant from every part of the ſurface. 
The centre of motion is that oint. which remaing 
at reſt, while all the ae parts of the body 
revolve round it. The centre of gravity is a point. 
in every body, which, if ſuſtained, the whole body 
remains at reſt: in uniform and homogeneal bodies. 
it is in the middle of a right line drawn between 
oppoſite angles; in a circle it is in the centre; in 

a triangle it is in a line drawn from an angle to 
middle of the oppoſite fide, one third of the length 
of that line from the fide. From a knowledge of 
this centre, we account for the phænomenon of the 
rolling cone, which ſeems to roll upwards between 
two inclined wires, as ſhewon in the ledure. Alſo 
for the cylinder, which rolls up an inclined plane, 
while the centre of gravity deſcends. From hence 
we alſo ſee the reafon why ſome bodies ſtand more 
firmly on their baſes than others; for while the 
perpendicular line which paſſes through this centre 
falls within the baſe of the body, it cannot fall, &c. 
H If 
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If a number of bodies be connected together by a 
line, there will be a common centre of gravity a- 


mong them, which, if ſupported, they all remain 
at reſt. | 


Turkk are ceactally reckoned fix mechanical 
powers. 


The Lever, 


Wunder is of three ſorts, The firſt has the 
eveight at one end, the power at the other, and the 
fulcrum or prop between them. The ſecond fort 
has the fulcrum at one end, the power at the other, 
and the weight between them. The third ſort has 
the fulcrum at one end, the weight at the other, 
and __ . between them. 


IX order to obtain an equilibrium in the lever, 
the power muſt always be to the weight, as the 
diſtance of the weight is to the diſtance of the 
power from the fulcrum : for then the product of 
the power, multiplied by its diſtance, will be equal 


to the product of the weight, multiplied by its 


diſtance from the fulcrum, which is always the caſe 


when they balance each other. For bodies of un- 


equal magnitude can only balance each other when 
their momentums are equal, and this can only happen 


when their velocities are reciprocally as their quan- 


tities 
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Yities of matter. The power of every kind of 
lever i is dg u by oy 3 rules. 175 


The. Wheel 5 Mts 11/47 wit 

In 4 machine the power is applied to the cir- 
cumference of the wheel, and the weight to the 
circumference of the axis. Its force is computed 


by dividing the diameter of the wheel by the di- 
ameter of the axis. 


T 


3. The Pulley, 


_ A $81NGLE pulley, if fixed, does not increaſe the 
power : for it is evident the weight and power will 
paſs over equal ſpaces in the ſame time. But ia a 
combination, where one part 1s fixed, and the other 
moveable, the power will be to the weight, as unity 
to the number of ropes which come to the lower 
or moveable block: or however they be combined, 
the power will be to the weight, as the velocity of 
the weight i is to the velocity of the power. f 

1 2 N 4 Foo 

* Let ww = the weight 

P the power 


4 — diſtance of the weight : 
n == diſtance of the power | from tae fulcrum 


Then a8 p: wiid; — = #, hence if any three ol 


theſe te given, the tourth may be found; for we have F 


9 
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. The Inclinad Plaus, Pr 


Tu inclined plane makes an oblique angle with 


the horizon. The length of the plane is the diſ- 


tance, upon its ſurface, between the loweſt point 


and the higheſt. The altitude of the plane is the 


perpendicular height from the horizontal line which 


touches its loweſt point. If a body is to be ſuſ- 


tained upon the inclined plane, the power will be 


to the weight, as the height is to the length of the 


plane ; or, as the fine of the angle of elevation i 18 


to the radius. 


= 5. The Wedge, 5 
A LINE drawn from the middle of the head to 
the edge, is called the axis, or length of the wedge. 


Wurx the direction of the reſiſtance is perpen- 


dicular to the axis, the power will be to the re- 
ſiſtance, as the breadth of the head is to the length. 


For the axis is the ſpace paſſed over by the power, 
and the thickneſs of the head, that 82 over by 
the reſiſtance. 


6, The Screw. 


Tux force of the ſcrew is computed by « com- 
paring the velocity of the weight with the velocity 
of the power; for ſuppoſe the diſtance of the threads 
be one inch, and the length of the lever to which 


the power is * be 3 feet, — in one revo- 
| lution 


= 
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lotion of the ſcrew, the weight will riſe one inch, 

and the power will move through a ſpace of 226.28 
inches. From whence it appears, that the power 
dy ſuch a ſcrew would be increaſed above 200 times. 


ALL theſe computations would anſwer very ex- 
actly were there no friction; but a very conſiderable, 
part of the force is deſtroyed by friction; ſo that. 
in loaded machines, engines, &c. we may deduct 
in ſome 4, in others 3, 4, or 4 part of the whole | 
effect. 

Acr machines, however complicated, are com- 
poſed of the ſimple powers, differently combined 
together, and the force or effect of the whole is 
found by computing the force of every ſeparate 
power, and multiplying the produQs together ; as 
for example, in the common crane, ſuppoſe the length 
of the handle be 18 inches, and the diameter of the. 
nut 4 inches; if 10 ſtone be applied to the handle, 
it will balance 90 at the circumference of the nut, 
for it is 9 times as far from the centre. Let the 
diameter of the great wheel be 2 feet, and the 
diameter of the axis 4 inches, then, by this, the 
power will be increaſed 6 times, which multiplied 
by the laſt, will give 54; ſo that if 10 ſtone be 


applied to the handle, it will balance 10 times 54, 


or 540, at the axis. 
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L E e T v R E X. 
& Cenis. 


HAT the Earth is of a n form is 
evident from the ſhadow caſt upon the Moon 
in a iner eclipſe, by obſerving ſhips at_ ſea, and 
by ſailing quite round it. Yet it has been found, 
by meaſuring a degree of latitude at the equi- | 
noctial, polar circle, and ſeveral other parts, that 
the Earth is not a perfe& globe, but an oblate 7 
| ſpheroid, being a little flatted at the poles. This 4 
alſo agrees with the theory of revolving bodies, 
for were the Earth fluid, as it probably might in 
part, at the beginning, the parts under the equi- t 
noctial would be thrown further from the centre, d 
by the centrifugal force, which is there computed 
to be 27 part of gravity. That the Earth is not 
a perfect globe, i is alfo proved by the vibrating of tl 
pendulums: for it is found, that a pendulum to w 
vibrate ſeconds, muſt be longer: at the polar circles O 
than at the equator ;' and that the difference is more w 
than would be produced by the centrifugal force. 


HowzEvxR, when the various continents, iſſands, pa 
ſeas, gulphs, rivers, &c. are delineated upon the an 
ſurface of a globe, it may be conſidered as a juſt th 

an 


repreſentation of the habitable world. | 


Taz 
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Tus circles of the © ſphere are the " equinoGSal, 
etliptic, meridian, Borizon, colurro, I» . . 
_—_ £ | 

Tus Reveron; or - Hdracetias Lavey is X. 
great circle which runs eaſt and weſt quite round 
the globe, being every where at an equal diſtance 
from the n or axis, round which the wore 
turns. 


Tax Ectueric 18 that great circle, i in which the. 
Sun always appears to move. It cuts the equi- 
noctial in two oppoſite points, called Aries * 

Libra, and makes an angle with it of 2340 «+ 


Mexripian $-are great eireles which paſs through 
the poles of the world, through the zenith and na- 
dir, and cut the equinoctial line at right angles. 


Tur Hoxrzox 1s a great circle which bounds 
the ſpeRator's ſight in the heavens, and is every 
where equally diſtant from the place where we ſtand. 
On the artificial globe it is repreſented by a broad 
wooden circle. 


Taz Cor uns are two meridians, one of which 
paſſes through the beginning of Aries and Libra, 
and is called the equinoctial cblure ; and the other 
through the beginning of Cancer and e 
and i is called the ſolſtitial colure. 


THz 
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Tu leſſer eircles are the two tropict, and the 


two palar circles. The tropic of Cancer is 234 to. 


the north, and the tropic of Capricorn 232 to the 


fouth of the equinoctial. One bounds the Sun's 


declination on the * _ 1 other on the 
Bath. £d9-qbereck. ns $a ene doi alc; £1: 6 
Arn 3 ** n called 56 1 circle, 
is 662 north of the equator; the ſouthern or ant- 
arctic circle is the ſame diſtance ſouth of the equator. 


- Ip 
ZE F 


THtrs are two frigid zones; one is ſurrounded 


by. the arQtic alen, and the other by the, bee 


* 
. 4 K 32 


— n }w-3i.; 


THERE are alſo two temperate zones ; one lies be- 


tween the tropic of Cancer and the arctic eirele; the 
other between the tropie of Capricorn. and the ant- 


arctic circle. All that ſpace which lies between 
the two troꝑics, is called the torrid or burning zone, 


Tux inhabitants of the torrid zone. are called 
ann becauſe at noon they caft their ſhadows 


different ways at different ſeaſons of the year. 


Tus inhabitants of the temperate 2 zones are called 


Heteroſcii, becauſe their ſhadows at noon always fall 


one * 


Tu inhabitants of the frigid Zones are called 
5 | Periſti, 


JF 
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Periſei, becauſe in ſummer they caſt their min 


quite round chem. | | 't 


Tuosg who live under the ſamg meridian, but 
ware as many degrees ſouth latitude as we have 
north, are called Antiaci or Antiſcii + they have the 
ſame hour, their days are always the en of our 
e and t 3 is our mister. e 


Tas Periaci lie adit is ſame well .of latis 
tude, but differ 180® in lengitude; their days and 
nights are always the ſame length of ours; their 
ſeaſons are alſo the ſame, but they have the eontrary 
hour, or noon, when we have midnight. 


Tus Antipodes have as many degrees ſouth lati- 
tude as we have north, and alſo differ 180% in lon- 
gitude, and conſequently are directly under out 


feet; their day is always the length of our night, 


their ſummer is our winter, and they have noon 
when we have IR | 


A Cuimars is ſuch a fpace- of hs glabez that 
in ſummer, the longeſt day on the north ſide (if 
ig north latitude) exceeds the longeſt day on the 
ſouth fide, by the ſpace of half an hour. There 
are 24 climates on each fide of the equator, between 
it and the polar circles; and 6 on each ſide between 
the polar eircles and poles, where the length of 
the days on that ſide of the climate next. the pole, 

excceda 
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exceeds the length on the on de by « a Soy wy 
month. 


Tux globe is divided into three different /pherer, 
Thoſe who live under the equinoctial, have a right 
ſphere, and have the poles in the horizon. A pa- 

Fallel ſphere has the equator in the horizon, and al 
the circles of latitude parallel thereto. An oblique 
ſpbere has one pole elevated above the horizon, and 
whe * n — it. 


"PIE of a my: is its Giſtance north or 
ſouth, from the equator. 


133 is the diſtance between the meri- 
dians of any two places, and is counted upon the 


* 5 12% 


2 Tun Zine ; is that point in the heavens which 
is directly over our heads. 


Tas Navin is that which is diametrically op- 
* or r right under our feet. 


A W is the We  dirifion of land, 
- comprehending various countries, in. and Eing- 
_ got W by water. SEN 


iow dna 4 182 tra of land.entirely FEOF 


by water, 
"C>8;7 | | A Prins 
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ch 


p- 


nal, 
n- 


led 


LA 


Of . Geography. 95 
A PexinsvLa is a part of land, all ſurrounded 
by water, except a narrow neck, called an = 


Jornuvs; by "mw it is joined to the continent, 


A PromonToRY is a mountainous part of land, ; 


ſtanding far into the ſea. 


Tur Ocran is the largeſt collection of waters: 
it 11 ane and environs the continents. | 


A 821 i 1s a ſmaller part of the ocean which goes 
between the continents. 


A Gurren i a part of the ſea every where en- 
compaſled wich land, except one ſmall part, called a 


saar, which is that narrow Nav by which 
it is joined to the adjacent ſea. 


A Lax is a  lige quantity of ſtagnant _X 
entirely ſurrounded with land. 


Tan whck dne of the globe contains near 
200 millions of ſquare miles; the inhabited part 
39 millions; the ſea and unknown parts 161 mils 
lions. From whence it appears, that there is more 
than 4 times as much water as land ypon the fur- 
face of the globe. N a 


. 
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STRONOMY is that ſcience which diſcovers 
to us the true motions, magnitudes, diſtances, 


eclipſes, and other appearances of the heavenly bo- 


dies. 


In the Solar Syfem, which is compoſed of 


the Sun, 6 primary, and 10 ſecondary planets, be- 
ſides comets, the Sun is placed in the. centre, and 
the planets revolve round him from weſt to eaſt, 
at different diſtances, and in different periods; as 


in the © lowing Table, 


> 
Ab "= 
* 


1 


ug 
w 


k br 3 8 . 8 
8 8 4 3 8 ; 8 4 2 
5 2 * 823 1251 Zo 
& = — | . oe ES Q = 
= 8 8 8 8 2 = | 33 
2 i 
3 4 J 
| F. De #4 P. H. | | 5 
Mercury 87 23 unknown 3, 00109, 700 
Venus 2 224 17] 24 8 9, ooo] 80, 300 
Earth; £4'2 8 28 0 7.970 68,2 00 
Mars, '=| 21 321 17 1 0F| 5,150 55,000 | 
Jupiter S171 315 0 10 94. 29, co 
; | aturn 429 167 of unknown ys, ocoſ 22, ooo 


Tak ſpace in which the planets move, ſeems to 
be void of all matter which can afford refiſtance ; 


for 


Iz « 


In 
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for doubtleſs they continue to move with the ſame 


velocity which they had at the beginning, which, 
according to the laws of nature, they could not do 


if ey we reſiſted: for the planets are conſtantly 
acted upon, or kept moving round the Sun by two 
powers; one is the centripetal force, or attraction 


of the Sun; by this they are conſtantly acted upon, 
and drawn towards the Sun's centre: the other is 
the centrifugal or projectile force, by which they 
endeavour to fly off in tangents to their orbits. 
The projectile force, which remains the ſame, was 


communicated by the creator at the beginning: 


and as the attraction of the Sun at every planet is 
different, ſo is the centrifugal force; for it is ne- 
ceſſary that they have a certain ratio to each other, 
in order to keep the planets revolving in orbits 
nearly circular. Comets move round the Sun in 


orbits vaſtly excentric; and, like the planets, always 


deſcribe equal areas in equal times; for as they 
approach the Sun, their velocity increaſes. The 
diameter of the Sun is 893, 760 miles; it turns 
round its own axis, which makes an angle of 8 
degrees with the ecliptic, in ſomething leſs than 
26 days, 


Jueirzts has four moons, whoſe orbits lie nearly 


in the plane of the ecliptic. They revolve round 
him from weſt to eaſt :. the firſt at the diſtance of 


5.6 ſemidiameters in 1 day, 18 hours, and 27 mi- 


I nutesg 
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nutes; the ſecond at the diſtance of g ſemidiameters 
in 3 days, 13 hours, and 13 minutes; the third at 
the diſtance of 14.2 ſemidiameters, in 7 days, 3 
hours, and 49 minutes; the fourth at the diſtance 
of 25.3 ſemidiameters, in 16 days, 16 hours, and 
32 minutes. This planet is alſo ſurrounded with 


cloudy dark ſtreaks, commonly called his belts, but 


what they are is at preſent unknown. 


| | . 
SaTvuRN is attended with five ſatellites or moons : 
the firſt, at the diſtance of 2 ſemidiameters, revolves 
in 1 day, 21 hours, and 18 minutes; the ſecond, 
at the diſtance of 2.4 ſemidiameters, revolves in 
2 days, 17 hours, and 41 minutes; the third, at 
the diſtance of 3.6 ſemidiameters, revolves in 4 days, 
12 hours, and 25 minutes; the fourth, at the di- 
ſtance of 8 ſemidiameters, revolves in 15 days, 22 
hours, and 41 minutes; the fiſth, at the diſtance 
of 23.3 ſemidiameters, in 70 days, 22 hours, and 
4 minutes. Beſides theſe moons Saturn is alſo 
incompaſſed with an amazing phenomenon, called 
his ring, the diameter of which is computed at 
120,000 miles. This ring is inclined to the plane 
of the ecliptic, about 31 degrees; its nodes are in 
19 degrees and 45 minutes of Virgo and Piſces. 
When Saturn is in thoſe ſigns, the plane of the 
ring paſſes through the Earth, it will therefore be 
inviſible, or appear like a ſtreight line upon the 
dif of the planet. But when Saturn is in Gemini 
1 | and 
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#nd Sagitarius, the ring will be moſt open, and in 
the belt poſition to be viewed. 


Tas Georgium Sidus, or new planet, diſcovered 
by the indefatigable Herſchel, it is preſumed will 
be ſomething more than 80 years in making one 
revolution: it is at the diſtance of 1805,000,000 
miles from the Sun. Mr. Herſchel has alſo diſ- 
covered two moons which attend it. It now ap- 
pears in the conſtellation of Gemini. In January, 
1790, viewed from the Earth, it will be about 8 
degrees in Leo, with 39 minutes north latitude, 
Its mean motion 1s little more than one degree in 


Tutte have been two other hypotheſes invented 
to account for the celeſtial appearances, called the 
Ptolemaic and Tychonic ſyſtems. But in the leQures 


they are ſbecun by the planetarium, to be inſufficient 10 


account for the phenomena, and therefore exploded ; 


and the Copernican proved by unanſwerable arguments 


and demonſtrations, to be the true ſyſlem of the world. 


As all the planets are retained in their orbits 
by the attraction of the Sun, ſo is the Moon by 


the attraction of the Earth: the Earth and Moon 


mutually attract each other, in proportion to their 
quantities of matter.. By this power they are con- 
netted, aud between them there is a common centre 

I 2 | of 


100 Of Aftronomy. 

of gravity, at the diſtance of 1218 miles from 
the Earth's ſurface. It is this centre that deſcribes 
the great orbit round the Sun, and not the Earth 
itſelf, for both. the Earth and Moon revolve round 
this centre once a- month, Hence the Earth will 


be about 11,000 miles nearer the Sun when the 
Moon is full, than when ſhe is changiog. 


Tus EarTH in one day turns round its own 
axis, and in one year is carried round the Sun, 
with its axis inclined to the plane in which it 
moves, making an angle therewith of 664 degrees, 
and always retaining its paralleliſm, by which means 
the poles alternately incline towards the Sun. 
When the Earth is in Libra, the Sun appears in 

the 


® The diſtance of this certre is found as follows. 


Let e = the quantity of matter in the Earth = 45. 
m = the quantity of matter in the Moon — 1, 
— the diſtance between the Earth and Moon = 
£40,000. . | © 5 | 
x = the diſtance between the centre of the Earth 
and the centre of gravity, 


Then (per mechanics) we ſhall have ex = ma — mx; 


and x ==. —, viz. if the guartity of matter in the Moon be 
| F 88 
multiplied by the diſtance beteuten the Earth and Moen, and that 


produ divided by the ſum of the quantities in the Barth and 
Moen, the quotient will be the diſlance from the Earth's centres 
= $5,218 miles. 
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the equator, and the circle of illumination paſſes 


through the poles of the world: the days and nights 


are now of an equal length on every part of the 


globe. But while the Earth moves from Libra to 
Capricornus, the north pole will conſtantly turn 
towards the Sun, and the ſouth pole from it; du- 


ring which ſpace, the days in northern latitude are 


conſtantly increafing, and the nights decreafing? 
When the Earth comes to the. beginning of Ca- 
pricornus, we have the longeſt day and ſhorteſt 
night, and the Sun appears in the oppoſite fign 
Cancer, At this time, the whole northern frigid. 


zone is illuminated, and the ſouthern obſcured in 


darkneſs. The circle which divides between the 


light and dark hemiſphere, juſt touches the polar 


circles, ſo that at every place, except the equinox 
and poles, the days and nights are of unequal 
lengths. After the Earth has paſſed the beginning 
of Capricornus, the north pole begins to turn from 
the Sun, and the ſouth pole towards it. The days 


in northern latitude, again begin to ſhorten, and 


in ſouthern latitude to lengthen. When the Earth 
comes to the beginning of Aries, the poles are 
equally diſtant from the Sun: the circle of illu- 
mination again divides all the parallels into equal 
parts, and the days and nights are every where of 


an equal length. As the Earth moves forward 


from Aries to Cancer, the days, in northern la- 
titudes, will continue to ſhorten, and in ſouthern 


latitudes to lengthen. When the Sun appears in 
„ the 
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the beginning of Capricornus, which happens when 
the Earth arrives at the beginning of Cancer, the 
days in northern latitudes are of the leaft length, 
and the nights of the greateſt; at which time we 
have the middle of winter. The whole northern. 
frigid zone is now obſcured in darkneſs, and the 


ſouthern frigid zone all illuminated. When the 
Earth has paſſcd this point, the north pole will 


gradually turn towards the Sun, and the ſouth 
pole from it. The days conftantly increaſe, and. 
the nights contract, while the Earth moves through 
that half of the ecliptic. When the Earth comes 
to the firſt point of Aries, it has made one revo- 
lution round the Sun. The days and nights, as 
at firſt, are now equal all over the Earth. Whence- 
the cauſe of the different ſeaſons, and different 
lengths of days and nights is evident. Explained 
by the Orrery. | 


The 12 ſigns of the Ecliptic. 


itn Signs. Southern Signs, 
% RP Aries, „„ ., 

8 Taurus, m Scorpio, 

N Gemini, + Sagittarius, 
g& Cancer, Lp Capricornus, - 
N Leo, Aquarius, 

m Pirgo, X Piſces.” 


Tus orbit of the Moon makes an angle of 5 
| degrees 
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degrees and 20 minutes with the plane of the e- 
cliptic, and interſects it in two oppoſite points, 
called nodes, one of which is called the Dragon's - 
head, and the other the Dragon's-tail. When the 
Moon is in theſe points or nodes, ſhe has no lati- 
tude; but when ſhe is in any other part of her 


orbit, ſhe is ſaid to have north or ſouth latitude, - 


according as ſhe is north or ſouth of the ecliptic. 
In the orrery the Moon is carried round by a ſy- 
derial plate, on which are engraved the ſigns of 
the ecliptic. On another plate is alſo engraved her 
age, the diſtance from her nodes, and latitude ; by 
which, when the orrery is rectiſied, her age, place 
in the ecliptic, diſtance from her nodes, and lati- 
tude, are, for any day, pointed out. The nodes 
of the Moon do not remain fixed in the ſame part 
of the ecliptic, but have a retrograde motion, and 
make one revolution in 184 years. This motion 
of the nodes is the cauſe of various phenomena : it 
is owing to this, that the Moon, once in 19 years, 
goes further, both north and ſouth, than at any 
other. time, and that the eclipſes always happen at 
different ſeaſons of the * &c. 


Tur Moon, like all the planets in the ſyſtem, 
is an opaque or dark body, and ſhines upon the 
Earth by reflection from the Sun: therefore, as the 
Moon is conſtantly moving round the Earth, it is 
evident, that when ſhe is between the Earth and 


Sun, her dark fide will be turned towards the Earth, 
and 
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and ſhe will be inviſible. - As ſhe moves from con- 
junction, her illuminated fide will gradually turn 
towards the Earth, till ſhe be oppoſite to the Sun, 
when ſhe will appear full. After which time, ſhe 


will again conſtantly decreaſe, till the conjunction 
or change. Shewn by the Orrery. | 


Writs the Moon makes one revolutibe- round 
the Earth, ſhe alſo turns once round her axis, and 


of conſequence ſtill keeps the fame fide towards 


the Earth; ſo that a ſpectator in the Moon would 
always ſee the Earth, which is a moon, to the Moon, 
in the ſame part of the heavens, and it would ap- 
pear, when full, about 13 times larger in furface 
than the full moon appears to us. As the Moon 


only turns once round her axis in a lunation, one 


lunar day and night will be the length of 294 of 


ours. The Moon, in the ſpace of 274 days, moves 
through all the ſigns of the ecliptic, or quite round 
the Earth: this is called the ſyderial day. The 
reaſon that ſhe is not again in conjunction with the 


Sun, is owing to the Earth's pregreſſive motion in 
its orbit, by which the Sun appears to have moved 
through near a whole ſign to the eaſt, ſo that the 
Moon will yet require about 24 days to come up 
with the Sun; which ſpace of time 1s called the 


difference between her periodical and ſynodical re- 
volutions, or between her ſolar and fyderial day. 


VP 


THz Ma 658 days before and after the | 


change, 


bes, A 


# Y 


ths A bis os 


* w 


wo W J0 pw ww qe (Þ wo 6 My, ( ww + 0 


Of. Aftronomy, 103 
change, appears cuſped ; and the poſition of theſe 
cuſps, at different times of the year, is very dif- 
ferent ; but always the ſame at the fame ſeaſon. 
Shewn by the Globe. 

Tux different angles, which different parts of 
the ecliptic make with the horizon, when riſing, 1s 
the cauſe of that phænomenon we call the Harveſt 
Moon : Virgo and Libra make the greateſt angle ; 
Piſces and Aries, the leaſt ; ſo that in a given time, 
a greater length of the ecliptic riſes in theſe ſigns 
than in any other : and did- the Moon move in the 
ecliptic, ſhe would riſe about 26 minutes later every 
night for 6 nights together. But as the orbit of 
the Moon does not lie in the plane of the ecliptic, 
ſhe will ſometimes riſe with leſs difference of time, 
and ſometimes with more. For when her north 


node is in Aries, and her ſouth node in Libra, her 


orbit will make the leaſt angle with the horizon, at 


the riſing of Aries, than can be. In this latitude, 


it will not be more than 74 degrees, and ſhe will 
riſe, for 6 nights, within one hour and 35 minutes 
of the ſame time; or ſhe will be about à of an hour 


later of riſing every night; but ſhe will differ 15 


hour every marning in her ſetting. 


WHEN the ſouth node is in Aries, and the north 


Rode in Libra, the Harveſt Moon will be leaſt ad- 


vantageous : ſhe will differ near twice as much in 
her riſing, as ſhe did in the laſt poſition of her 


nodes; 
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nodes; the reaſon whereof appears plain by the 
Orrery. | | 
Tux. Moon riſes with the ſame difference of 
time once in every lunation, as ſhe does in harveſt ; 
but as this does not happen at the full moon, at 


any other time of the year it is not much noticed. 
The north node will not be in the beginning of 


Aries before the year 180, when we ſhall have the 
Harveft Moons to the greateſt advantage. 


Ar the equinoctial they have no Harveſt Moon; 


for an equal quantity ef the ecliptic always riſes 
in the ſame time, But as the latitude increaſes, 
the angle, which the ecliptic makes with the ho- 
rizon, at the beginning of Aries, gradually de- 
creaſes, till we come to the polar circle, where 
there is no caſtern angle, and of conſequence one 
half of the ecliptic rifes at the ſame time. In this 
latitude, the Moon does not differ more than 1 hour 
in her riſing, for 15 days, but is 23 hours later in 
her ſetting, 


An eclipſe of the Sun 1s cauſed by the Moon 
coming between the Sun and the Earth; and is 
either total or partial. In like manner, an eclipſe 
of the Moon is cauſed by the Earth intervening, or 
eoming between the Moon and the Sun; ſo that 
the Moon loſes her light in paſſing through the 
Earth's ſhadow, If the orbit of the Moon was in 
| ; the. 
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the ſame plane with the orbit of the Earth, there 


would be an eclipſe of the\ Sun at every new moon, 
and an eclipſe of the Moen at every full. But this 


is prevented by the latitude of the Moon, except 
ſhe be within 12 degrees, 2 minutes, and 9 ſeconds 


of the node at the time of the full, or within 18 
degrees and 20 minutes at the time of the change; 
which diſtances are called the limits. The nodes, 


which almoſt retain their paralleliſm, only come in 


a line with the Sun twice 1n a year, and therefore 
there can only be two ecliptic ſeaſons in one year. 
The limits are not always the ſame, owing to the 
different diſtances of the Sun and Moon from the 


Earth, at different times. When the ſolar limit is 


leaſt, the Sun will paſs over it in 28 days; and 
when greateſt, in 32 days: in which time, the 
Moon may come twice in conjunction with the 


Sun, and ſo cauſe two ſmall eclipſes. However, in 


every ſolar limit, there is one eclipſe very certain. 
When the lunar limit is leaſt, the Earth's ſhadow 


will paſs over it in 19 days; and when greateſt, in 


about 24 days. So that the Moon cannot be e- 
clipſed more than once; but may, and often does 
paſs the limit without ſuffering an eclipſe. 


Tax Earth has a third motion, whereby the pole 
of the world is conſtaatly moving round the pole 
of the ecliptic. By this motion the equinoxes fall 
50 ſeconds ſooner every year than the year before; 


and the fixed ſtars, by it, appear to move 1 degree 
eaſtward 
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meaſurable and inconceivable. It is ſuppoſed, that 
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eaſtward in 72 years. Since obſervations bave beer 
made upon the flars, they have moved through 
almoſt a whole ſign; for the conſtellation which was 


once in Aries, is now in Taurus; and the con- 
ſtellation of Taurus is now, in . By this 


motion the ſeaſons are conſtantly moving backward, 


or in antecedentia, and would make one revolution 
in 25,920 years. If the world continues 12, 960 
years, the longeſt day, in northern latitude, will be 
when the Sun enters Capricorn, and the fhorteſt, 
when he enters Cancer. 


Arr the ſtars which are viſible in the heavens, 


except five planets, are called Fed flars, and ſeem 
to be fixed in the ſame part of abſolute ſpace. 


The motions which they ſeem to have, are cauſed 
by the motion of the Earth. For if the Earth 


turns round its axis in 24 hours from weſt to eaſt, 
they muſt appear to move fiom eaſt to weſt, The 


fixed ſtars are at immefiſe diſtances from the Earth 


or Sun. Was a body to fly from the Sun with a 


velocity of 8 miles per minute (which | is about as 


ſwift as a cannon ball) it would arrive at the orbit 
cf Mercury in 84 years; at Venus in 16z years; 


at the Earth in 224 years; at Mars in 344 years; 


at Jupiter in 1174 years; at Saturn in 2154 years; 
but it 18 ſuppoſed, it would nct reach the neareſt of 
the fixed ſtars in leſs than 700,000 years. How- 
ever, their diſtance is utterly unknown, being im- 
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the different degrees, of brightneſs. or ſplendour 


| which we obſerve amongſt the ſtars, is owing to 


their different diſtances from us, and not to any 


difference in their magnitude; for it is moſt likely, 
that they are equally diſtant from each other, 26 


they are from the Sun. They ſhine by. their own 


native or unborrowed light, and are innumerable, 
for by a teleſcope, thouſands may be ſeen, which, 
are inviſible to the naked eye, We cannot, there= 


fore, ſuppoſe that theſe unſeen ſtars were placed in 
the heavens, in order to ſupply the inhabitants of 


the Earth with a faint light in the night, for which 


purpoſe ſome think the reſt of the ſtars were made : 


neither can we ſuppoſe that they were made to 


declare to the Earth the greatneſs and power of 


the creator, becauſe very few of the race of man- 


kind have ſeen them, or heard of their exiſtence : 
nor can we think that the Almighty has created 


any thing in vain: but we may reaſonably con - 


clude that they are ſans, or fountains of light, il- 


luminating ſyſtems of planets, whoſe motions are 


controlled by their attractive power ; and. that the 
ſtars, which are inviſible to the inhabitants of the 
Earth, proclaim. the glory and wiſdom af the Deity 


to ether intelligent beings, dwelliag in worlds pla - 


ced far beyond the utmoſt bounds. of. our fight. 


This hypotheſis diſplays the greatneſs and dominion 
of the divine being. This confines not the cre- 


ation within the narraw bounds of the ſphere of 
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fixed "RM but ſuppoſes it „ the 
regions of immeaſurable ſpace. | 


Turs wide mackine, the univerſe "OY 1 
With how much {kill is each apartment rear'd! 
The Sun, a globe of fire, a glowing maſs, 
Hotter than melting flint or fluid glaſs, | [ 
Of this our ſyſtem holds the middle place. 


Mx xcuxx, the neareſt to the central Sun, 

Does in an oval orbit circling run; 

But rarely is the object of our fight, | 
In ſolar glory ſunk and more prevailing light, 8 
Venus the next, whoſe lovely beams adorn 4 
As well the dewy eve as opening morn, : [ 
Does her fair orb in beauteous order turn. 

The Grope TRRREZSTRIAL next with fanting poles 
And all its pond'rous load unwearied rolls. 

Mans next in order, further from the Sun, 

Does in a more extenſive orbit run. 

Then we behold bright planetarF Jovx, 

Sublime in ſpace, through his wide province t move; 3 
Four ſecond planets his dominion"own, 

And round him turn, as round the Earth the Moon. 
| Sarvax, revolving in the higheſt ſphere, 

Is by {five moons attended through his year: 

The vaſt dimenſion of his path is found 

| Five thouſand en nn miles d. 5 


vert is this alkane FIERY hich; contains 
So many worlds, ſuck vaſt etherial plains, 


But 
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But one of thouſands, which compoſe the whole, 
Perhaps as glorious, and of worlds as full. 

The ſtars which grace the high expanſion, bright 
By their own beams and unprecarious light; 
Tho? ſome near neighbours ſeem, and ſome * 
United luſtre in the milky way, 

At a vaſt diſtance from each other lie, . 
Sever'd by ſpacious voids of liquid ſky, 0 
All theſe illuſtrious worlds, and many more, 0 
Which by the tube aſtronomers explore; | 
And millions which the glaſs can ne'er deſcry, 
Loft in the wilds of vaſt immenſity, 

Are ſuns, are centres, whoſe ſuperior ſway 
Planets of various magnitudes obey. 


Ir we with one clear comprehenſive ſight, 
Saw all theſe ſyſtems, all theſe orbs of light ; 
If we their order and dependence knew, 
Had all their motions and their ends in view, 
With all the comets which in æther ſtray, 
Yet conſtant to their time and to their way; 
Would not this view convincing marks impart 
Of perfect wiſdom and ſtupendous art? 

| | 4 Blackmore, 
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TECHNICAL WORDS, 3 Ko, 
Uſed in the foregoing Lzecrur £ 6. © 
„ 
40. four, mary: 


Accumulate, to heap up, to ti together. | 
Adhefion, a cleaving, or ſticking to. 


Allali, a fixed Talt, or ſubſtance that will ferwent 5 


with an acid; 

Ambient, encompaſſingg. 13 

Analogy, ratio, proportion. | 0 

Aperture, an opening, hole, Ke. 

Apkelion, that point in. a planet's orbit which | 16 
fartheſt from the Sun. 


Apparatus, inſtruments for OY experiments: 5 


the air. | 
We 5 1 WE 


| reg tube, a tube with a bore as ſmall as a bel.” . 


KEY. | Ceniral, 


Cemral, of or belonging to a centre. 

Circumanibient, ſurrounding on all ſides. 

Cobgſion, ſticking together. 

Compreſs, to prels . | -; 
Concavtz*hollow.- © 
Concentric, that Have the fone centre. ; 
Congenſe, to make thick or cloſe. 

Conjunction, à meeting . two n 9 in the 
- ſame degree- EIS 

Contact, touching each! a 3 

Convex, round, Protuberant, like the ſurface of a 

globe. 

Convergent, tending to, or meeting in one point. 

Counterpoiſe, to balance. * _ 

r _ e 1 the —_— 4. 


. ; wx a F Nani £ 4 
Defeent, Gag — dat 20. er 5x” 
Dichotomiſed, diſſected, divided inte aa equal party 
Diſt, the vifible furface of a 1 pO, 
Diurnal, daily, belonging to the 3 
Divergent, TY 8555 ee 


8 22 4 3 23808 423 #5 


Ca 
* . 1 
* — * 

”__ 


=" ISS 
14 


Ebubition,. boiling, K. 10 er, 


Eccentric, that hath different centres. 11 
Eclipſe, a deprivation of light. 


Eger veſcence, waxing or growing hot. 
Muvio, the very ſmall particles emitted from bodies, 
Elafticy 


(ii, 
El: , ſpringy. | 
Ellipfis, an imperfect bike: and h . ans 
Emerſon, a riſing out, or appegring agains 1 
Epitome, an abſtract, or ſhortening. 17 , 
Epocha, or Era, a fixed point 'of time from whence 
the ſucceeding years are aumbered. „ 
Equilibrium, an even balance. : 2 OY 
Evaporate, to exhale, or refolve i into om. 9 
Exhauſt, to draw out, or empty. | 
Expanſion, a ſwell, or increaſe of bulk. 
Explofion, a noiſe, or e 5 | 
External, uta ve e 888705 
Ft 4 256 Au 1 
Fibres, ſmall threads, or filaments, 
Flaccid, looſe, not tight. | 


Focus, that point where all the rays of the Sun 
which fall upon a concare neon, or ' lenſes , 


4 


4 
4 


re e 
Gibbous, round, convex, or bunched out. 6 £5 


= 


Halo, a circle appearing round the Moon, &c, - 
Hemiſphere, half of a globe or ſpbere. 
Heterogeneal, of different kinds ar ſorts, 
Homogeneal, of the ſame ſort 
Horizontal, level, parallel to the horizon: ; 


Hapothef, e c.. * 
Inbile, 


( 16 5 

N 
| Fubibe, to Habſorb, or drink f . 
Immerge, to immerſe, or Fade in vater. 


Immenſe, infinite. * 


Impeths, a blow, 'or Tinpulſe. © 

Incidence, a falling upon: © CEE ITT 
. Znſulated, ſupported. by an diaric ect 
Intenſticer, diſtance or ſpace between. l 
trradi ws to ſhine uon, or enlighten. | 


EI. Giors >, 
Lateral, of or r belonging to the 1 


Lenſe, a glaſs ground CONVEX. | 
_—_— lengthorays. 
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Ade that: peculir honfitution-of any. ſpace or 


region through which bodies move. 
| Miphetic, noxious. = 
Momentum, the whole force with which a moving 
body ſtrikes againſt another in. its way. | 
| Nefurnal,. of or belonging to the night. . 5 
Noxious, poiſonous, deſtructive. 
Nutilous, cloudy, gloomy, © 
Nucleous, the head of a en, Kc. 
. oilx, or full of oil 4 


* * 


4 


Opague, 


TY 


P 6 


4 7 


Opague, dark, 55 3 * ; 
Orbit, the path of a planet or comets = 
Orifice, a hole, aperture, or mouth. 


Particles, the {inalleRt parts of mating. „ BOS L | 

Percuſſion, a ſtriking. | 2 

Peribelion, is that point in * « plmnr' ob which is 
neareſt to the uuns. 

 Perforate, to bore, or pieree 8 5 

Pbaſes, the different appearances of the Moon, &C. 

| Phenomenon, ſignifies an appearance, MW. of ope⸗ 

ration of a natural bod yx. h 

Preponderaie, to outweigh. 

Nei, a bong thrown or projets 1 from the | 
Earth. | 


n 


* % 
— . 
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Ratio, reaſon, proportion. N 

Rarefy, to make tlliin. | 
Recipient, a glaſs receiver for the air pump. 

 Reflefiion, a beating bac. 

Refraction, turning aſide, or out of a Ow line, 

Refrangible, capable of being refracted. | 

Reſervoir, a place for water. 

Retrogradation, a going backward. 


Saturated, filled. 1 
Luice, a flood gate, a drain: 


Su bterranecus, 


(a). 


 Subterrancour, under ground. Eo Log \ 
| $y2ygia, the conjunction and i oppoſtibn of a plover 
with the Sun, = 
7 


Tangent, a freight Lap 
ference of a circle. 
Tenſion, a bending, or ſtretching: 
Tranſit, a pang ones or 23 
„ 
valve, a kind of Id or cover, , leting a fluid pat 
done way but not the ther. — 
Felocity, celerity, ſwiftneſs. 
Fortes, the tap of an thing... 


U 


Univerſe, the aſſemblage of Heaven and Kur or 
fall created N 2 bh 


juſt touching hs circum» 


